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ADVERTISEMENT. 


Among the early publications of the Smithsonian Institution was a very 
important volume of meteorological tables by Dr. Arnold Guyot. Tlicy were 
so widely used by geographers and physicists as well as by meteorologists 
that when the fourth edition was exhausted it was decided to recast the 
entire work and publish three separate volumes, Meteorological Tables, 
Geographical Tables, and Physical Tables, each of which has now passed 
through several editions. 

In the application of the data of these volumes to the study of natural 
phenomena certain mathematical tables beside those included in ordinary 
tables of logarithms are urgently needed in order to save recurrent computa- 
tion on the part of observers and investigators. It was therefore decided 
to publish the present volume of Mathematical Tables, on Hyperbolic Func- 
tions. 

I-Iyperbolic Functions are extremely useful in every branch of pure physics 
and in the applications of physics whether to observational and cxi)erimcntnl 
sciences or to technology. Thus whenever an entity (sucli ns light, velocity, 
electricity, or radioactivity) is subject to gradual extinction or absorption, 
the decay is represented by some form of Hyperbolic Functions, Mercator's 
projection is likewise computed by Hyperbolic Functions. Wlienevcr me- 
chanical strains are regarded as great enough to be jueasured they are most 
simply expressed in terms of Hyperbolic Functions. Hence geological de- 
formations invariably lead to such expression, and It is for that reason that 
Messrs. Becker and Van Orstrand, who arc in charge of the physical Wf>rk 
of the United States Geological Survey, have been led to prepare this volume. 

CiiARUts D. VVAi.co’n', Secretary, 

Washington, D. C., April, 1909. 


In this first reprint of the Hyperbolic Functions a few misprints of Iriniiig import- 
ance have been corrected and four values of the exponential have been diaiiKiMl by a 
unit in the eighth significant place. 

April, ign, C. D, VV. 


In the second reprint of these Tables, several additional minor corrcctiona liavc been 
made, usitally in the last decimal place. 

November, 1920. 


C. D. W. 
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DEFINITIONS AND FORMULAS. 


The hyperbolic functions are named the hyperbolic sine, cosine^ tangent, 
cotangent, secant, and cosecant from their close analogy to the circular func- 
tions, the tangent being the ratio of the hyperbolic sine to the cosine and 
the other three functions being reciprocals of these, as in circular trigonom- 
etry. They are usually denoted by adding h to the symbols of the circular 
functions, as cosh u for the hyperbolic cosine of u, siiih u for the hyperbolic 
sine of u, etc.^ 

Historically speaking, the hyperbolic functions were evolved from studies 
of the h5’perbola. They might have been deveIoj)ed from the geometry of 
the ellipse or the catenary or that of other curves. These functions, how- 
ever, may be considered independently of any geometrical interpretation and 
can be derived from very fundamental functional theorems. 

At least two methods have been devised of deliuing circular and hyper- 
bolic functions analytically. One of these is due to Mr. Yvon Villarcean,’’ 
and is so extremely brief that it can be given here in a somewhat modified 
form. 

It has long been known that 

^ j. ^K + s«nV_^«. +7mir)i ^ 

The second of these equations has a single imaginary period, 2 zw, and the 
third a single real period, 2 t. Hence every exponential in which u is real 
has a single imaginary period* 2 mt, and every exponential with the .same base, 
but with an imaginary exponent, has a real period, 2 w. Now, all real purely 
circular functions may be expressed in terms of constants and exponentials 
with purely imaginary exponents, and all real hyperbolic functions may 
be expressed in terms of constants and expoueiitial.s wdth exclusively real 
exponents. 

Hence hyperbolic functions maybe defined as the singly periodic expo- 
nential functions with real exponents. The circular functions are then the 
singly periodic exponential functions with imaginary exponents. 

It remains to be considered how, from this point of view, the hyperbolic 
functions of complex variables are to be regarded. The question almost 
answers itself ; for 

gX + iy—gX^ gfy^ 

* More compeiidlous and convenient, but less usual, is the notation employed by B. de 
Saint-Vennnt, sili zi, coh u, tab «, 

» Comptea Reudns. Paris, vol. 83, 1876, p. 594. 

vH 



DEFINITIONS AND EOUMUEAS. 


viii 

which is evideutly the product of two fiiiictious — one eircMiIar, llu* oilier 
hyperbolic. Such functions have a real period ami an inia);iimry one, hut 
since they are single-valued they are not elliptic functions. 

The circular and hyperbolic functions being defimal as iil)o\'(', it is nieiely 
as a matter of convenience that a few of the simpler coiuliinations of exjio- 
uentials receive special names, a.s sine, cosine, etc. 

The other analytical method of generalizing the two clnsscs of fiiiu lions 
is due to Edward Eucas,' and is too long to be given here in full, hnt the 
method may be indicated. If a and b are the two roots of the e(|iialion 

x^-~Px^-Q^o, 


where /*and Q are positive or negative whole miini)er.s, then twt) functions 
may be defined as follows: 






and these functions are related by the equation 

Fn. 


Lucas deveIop.s and studies these functions, limiting w at first to wliole p.isi- 
tive numbers. He finds that all the theorems re.suUiii)*; frojii lliis sliuiy nre 
converted into those of ordinary trigonometry when // is replaced hy y sin ;/ 
and Fby 2 cos 11. He infers that hetwcen the limits 1 mul minus i, u mny 
be replaced by any real value, and .shows that the llieorem.s dealing with U 
and V when translated into trigonometric formulas on lliis imsumplion cun 
be verified, By substituting for n an imngiimry urgumenl, llm liypcrholic 
functions also are found to be comprehended in the general functions U 
and V. 

Both the circular and liyperbollc functions mny furllier be regarded as 
integrals of the equation 

^ 

(ix* ^dx^ 


If c = a\ this gives 




where A and 13 are arbitrary constants ; so that the integral e.Kprc.„l.,„ |„. 
dudes shih x, cosh x, and the sum or differouce of these funclions 
11 c^ — 6\ 


y 


^ « W, cos .V -f //, .sin .V. 


JAai, Jonr. of Math., vol. i, 1878, p. 184, 
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Tht! liypi!il)(>lio fuiictlfHis may also Im de- 
fined j'^conu'lricidly with reference to any 
hy[)tn'l)(ila. 

I, cl ().l r--3 a, /; bi; ihe acnii-axcH of 

tlie hypcrliolii .l/\ and Ita conjii}{;ato 
referred to the nietauKular axes rtr and 
oy. 'I'lic (irjfimient or iudepemleiit variable u 
and ilfi functioiui are then Kiveii l)y : ‘ 


u 


sector (h IJ* 
Mhl/l ’ 


sinh n ■ 


A (h-lP 
^ lU/i* 


cosh tt 


A fVVi* 


etc. 



The areas of llu? triangles OjU>, OAP, and OPB are respectively i 
i rt j' and i Air, and the area of the sector OAPia fotuul from tlie equation of 
the liyperhola, 

A* f 

to he 


►V 



lleuco, in accordance with llie alM)vc definitions, 

2»V‘ , ,.V , V. 

y). 

slnh w: : -J'- ; j O-"— r «), 


cosh It ts3 


x 

n 


■aa J “I'' 


•«). 


Mlinilarly the argument and fiinetlons of circular trlgonomelry arc ! 


(J 

a' 


arc 

radius' 


sin 0 Bsa tfoa li i 

cos (? IKO ■ KI i (f *• -| • ^ - '<*), 

A comparison of the preceding equaHons shows that tlicro exist lielwcon 
the two sets of arguments and functions many iiituresting analogies and rela- 
tions. Tlic arguments arc in each case Die ratio of two areas, nllliough t)ie 
argument of the circular functions may also he defined as a ratio of two lines; 

' V<»r (Icfiulllijjm wldeli are lit(Ie)>cii(1enl of the |K)Hlliua of llio HCctoriHl nrean hois Prof. 
JntiU'H McMbIioii'h “ llyperhollc Fiiuctloii*’' and fl paper “ On die Iiitrodncllon of the 
Notion of nyperliollu Pniiullona,*’ by Prof. M. W. Ilnekell, hall. Am. Math. Soc,, vol. i, 
*89-1-95. 
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the hyperbolic functions stand in the same relation to the (•quihiU-yat Itypei' 
bola as the circular functions do to the circle; each set <d' riiiietiims may he 
defined analytically a.s a particular branch of the tlicory of' the ex|i(mential 
function, and it is possible to pass from the one to the othei’ by means of llie 
imaginary f « |/ ~ i . For example, 

sinh n — ~- /’sin /«, 
cosh M ~ cos /■//, 
tanh u = — i tan in. 


Furthermore, every rational function of the hyperbolic fnnelious and du-ii 
inverts can be integrated by the help of corresponding km)\vn integrals of eii ' 

ciilar functions. Thus, to find | scch u du from 

u 


r j T , I -|' .sill u 
sec u du ~ - log 


•sill u 


I h tan 
log- - 
1 — Ian 


substitute /u for // and reduce to the form 


J Ncch u du = J- lofr 


I -|- / taiili 


■/ tanh 


If in this equation tanli ~ is replaced by tlie second member coint'ides in 

form with the expression for 2 tan ''y given below. 

Hence 

Isech u du = 2 Ian '(lanli ) *=s U. 

Similarly, when a differential is encoimteied tlie integral of wliioli is not to 
be found in this collection, it is expedient to deduce Dm c.irivsiunidinv 
expression in cyclic functions by 
substitution of u: for x, etc., and 
then to make a search for its 
integral. ^ 

Most interesting is the relation 
existing between the foniiuUe of 
spherical trigonometry and the 
formula of lyobachevsky'.s imag- 
inary geometry, hyperbolic ge- 
ometry, or pseudo - .spherical 
geometry, as it is .sometimes 
called. IvObachevsky defines the 
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and PC y may be drawn from a point/* to a line AD ; tlie sum of the angles 
of a triangle is less than two right angles, and the angle of parallelisiii {P) 
is dependent upon the perpendicular distance p of the point /*froin the line 
AB. If now any line passing through A, such as A2i, is extended until the 
perpendicular erected at its middle point is parallel to AB, the locus of the 
points ^ is a boundary curve, and the revolution of this curve about AB or 
one of its parallels develops a boundary surface. It is upon this surface of 
constant negative curvature .that Lobachevsky imagines a triangle of sides 
a, b, c and angles A, B, C to be drawn. He establishes as fundamental rela- 
tions between the sides and angles of this triangle ‘ 

sin A tan If (a) = sin B tan // {b) — sin C tan // (c) , 

sin // (^) sin 11 (r) =sm If («) — cos U (b) cos U (<r) sin 11 (a) cos A, 

sin If (a) cos A = — cos B cos C sin U (a) + sin B sin C, 

and also proves that 

sin 11 (ji) (cos in) *= (cosh li) 
tan U {u) = i (sin = (siuh n') 
cos 11 (ji) = — i tan iic = taiih «. 

Hence the preceding equations may be written 

sin A __ sin B sin C 

siiihu sinh^ sinhr* 

cosh a = cosh b cosh c — siuh b siuh c cos A, 

cos A^ — cos cos r+ sin B sin C cosh a. 

These formulas are, in fact, precisely those of spherical trigonometry, in 
which the real sides a, b, rhave been replaced by the inmginaries ia, ib, ic. 
If the triangle on the boundary surface is infinitesimal, the above equations 
reduce to the well-known relations between the sides and angles of a triangle 
on the Euclidean plane- The theorems of non- Euclidean geometry may not 
therefore be inconsistent with experience, for the largest triangle which we 
can measure is infinitesimal in comparison with a triangle on tiie l)OUiKlary 
surface. Lobachevsky pointed out that a triangle on a boundary .surface 
would correspond to a triangle connecting three stars in distant parts of the 
universe, and that the postulates of his geometry, involving n.s they do the 
question of the curvature of space, would be capable of experimental proof 
if the parallaxes of distant stars could be measured with sufficient accuracy. 

Lastly, there is an important relation between the numerical values of the 
circular and hyperbolic functions. If the argument n a.ssumes successive 
values between o and -\- oo , sinh u assumes successive values between o and 
+ CO just as tan a does when a varies from o to 90 °; cosh 71 assumes values 
between i and + co like sec and tauh n assumes values between o and r 


*1-1. P. Mauuing's Nou-Euclidean Geometry, p. 60. 
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in the same way as sin y. The variation of the hyperbolic functions tlii'ont;h- 
out the entire plane and their similarity to the circular fimclions between the 

limits o” ami iHo" is sliown 
in the diaj^rani. vSinee each 
of the functions is Mindly 
periodic, tlierc must be a 
sin^^le value of a, (i, y cor- 
respond inj-f to a jiarlicnlur 
value of u, such that 

siuh n ; ; tan a, 
cosh u ■ sec /i, 
tnnh u sin y. 

It will lie found by sub- 
.Htituliuj? in the trifiouomet- 
ric fonnula; that U K79 : I y 

« */>, and the re(iuircd rela- 
tions are therefore 

cosh n ■■■--■ sec </>, 
sinh u « tan *!•, 
tanh u « sin «/». 

Tile anj^Ie «/> wiiicli renders 
it possible to evalnale the 
hyperbolie fnnclions by 
means of the oircnlar funo 
lions is of ^n’ent importance 
in pure and applied mathe- 
lunlics. .Some of its prop- 
erties ami tip|)liciilions will 
bo considered in the section 
on geometrical illustra- 
tions. It Is called guder- 
inannian u and Is wrIUeu 

</» u. 

The following list of foi m- 
uhe involving the hyjjor- 
bolic funetions might be 
greatly extended, but it 
iuclude.s the most u.scfid 
relations.* 



'Taken with additions from I’rof. J), O Peii’w>*« i p T . ' , 

McMahon's Hyperbolic Functions 
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A.“RKi.A'rioNs nv.TwiCKN IIviMCunowc and Ciiicui.An Runctions. 

1. Hitili u ^ — t sill in •• -1 tfin pi u, 

2. cosh u cos in = : Hcc^»y/ n. 

3. ttinh n ; • — i tiin in => .sin pi u, 
tanli u 1 - tan J pi u, 

5, «'/' '--j ( i '!■ sill i>d n) - J' cos ffd n, 

[ r — cos ( J TT - h pi k) ] sin <1 tt -J- w), 

Ian ( .1 V -j- u), 

Ci. siiih in i sin u, 

7. cosh cos 

H. tfuih in ^ i tan w. 

y. siiili {u :h iv) -■■■ • ± t sla (7^ :i‘ itt), 

« shill n cos V ± / cosh u sin v, 

10. cosli (« :t: 7 v) I icos (7/^: in), 

cosh n cos v=b / siiih n sin v. 

I r . cosli (w/V) 03 cos m - tt. (/« is an inleg:er.) 

1 2. slnli (2 m -|- i) 1 /TT e=» i ain (3 m -I- i) J n*. {in is nn iiitegci'.) 


}J. — Rki.ations among rint JIvi’Miujcmc Inunctions. 

13. HinhK-ii (/.■’' (—■//) -^(cHch ; 0 ,“‘ 

2 tnuh 4 7/ H- ( I -- taiih* I u) tniih it (i — taiih* ii)K 

14. cosli U om j (<■•« -1-/;*““) txa cosIl ( — u) -a (sccll 77:)“’', 

*>^(1 -I- timliM//)*!- (I “ timliM 77 ) J i-Ci 

15. tftiili//.: ^' — tniih (— 77 ), 

• (cotli //)'"’ Ksi sinh n ' i-cosli u o-* (i — sech’ n^K 
if), scch u «ech (— 77) (i — timli* uyi. 

17. CSCll U ^ — CKCll ('--W) no (cotli* ■// — 1)«. 

iH, COtll 77 «sa ~ COtU (— 77) (cSCll* U -|- l)^, 

ly. cosh* '77 — sinh* 77 S !:.3 I. 

20. sinh 4 77 *» i/i (cosh n — ^i)". 

21 . cosh i 77 Rsa |/ ij(C()Sh 77 H* l)." 

22 . tfluh 4 77 S«» (cosh 77 — 1 ) - 1 - sIllll 77 , 

fiinh u (i -I' cosh 77) i/(cosir/ 7 — "iX-i'lcos^ 

23. slllll 377 nw* 2 siull 77 COSll 77 «»» 3 tflllll 77 -J- (r — tCUlh* 77 ). 

24. cosh 3/7 co.sh* 77 -h sinh" 77 «« 2 cosh* u — r, 

^ I -I- a shill* 77 — (i -I’ tdiiU’ 77) (I — innli' 77). 

23. tftiili 3/7 *»» 2 huih 77 '-H (i -I- ifinh* 77), 

2f). sinli 3/7 3 fliiili 77 "i ' 4 siiih* It. 

37. cosli 377 — ’ 4 cosh* 77 — 3 cosh u , 

28. tauh 3/7 »®i (3 tanh 77 H- taxih* 77) (i -|^ 3 Lnnh* tt). 
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29. sinli nu = 

« cos]i"~' w sinh K + ^-osh*’ '//suili 

() 

, , n ( n — r ) . „ . , 

30. cOvSh w« = cosh" « + - ^ cosh " • // suin' // ) . . . 


31. sinh u H- sitih v •— 2 sinh i {ii -h j') cosh i! (// ;■). 

32. sinh u — sinh v = 2 cosh i* (// -h 1') «inh j (// /'). 

33. cosh le -h cosh v - - 2 cosh -3 (u -|- v) cosli 3 ( // - .’) . 

34. cosh u — cosh V—- 2 sinh 3 (// -| • v) sinh 3 (// w) . 

35. sinli u + cosh u = (1 -\- tanli 3 t/) ( i — laiih 3 k). 

36. (sinh n cosh it)" ~ cosh t/u -|- sinh ////. 

37. tanh H -j- tanh — sinli (// + 7') cosli u cosh 

33. tanli u ~ tanh 7/= sinh (u — 7') cosh 1/ cosli 7'. 

31. coth u h coth ?/= sinh (// -(- 7') sinh u sinh v. 

40. coth n — coth v == — sinh {n — 7') ; - sinh // sinh v. 

41. sinh {u ± w) — sinh u cosh v ;!; cosh u sinh v. 

42. cosh (« it 7/) c= cosh u cosh v ri: sinh u sinh v. 

43. tanh (-«±v) = (tanh 77:1: tanh 7') ; (i ' tanh // tiinh n). 

44. coth {11 ± v) (coth 77 coth v J: 1 ) >^ (coth v 1 coLh it). 

45. sinh (77 -I- v) -I- sinh (u — n) 2 sinh u cosh /'. 

46. sinh (77 v) — sinh (77 — ?») rr-- 2 cosh 7/ sinh 

47. cosh (77 -f- v) -h cosh (77 — 77) 2 cosh // cosh i>. 

48. cosh (77 -f w) — cosh (77 — 7 ') 2 sinh // sinli 7-. 

49. tanh 3 (77 -h it) = (sinh // -f sinh ?') : (cosh // ■( cosh c), 

50. tanh 3 (77 - 77) = (sinh // - sinh 7 -) : (cosh // I rosh c), 

51. coth 3 (« -f- 77) — (sinh 77 — sinh 7 ') ■: (cosh 7 / ' M'osh c). 

52. cotli 3 (77 - 77) = (sinh /7 -(■ sinh 77) : (cosh 77 — co.sli v). 

(77 I- 7 <) 

tanh 77 — tanli 77 “sliih (// — v)' 

54 1 - 7 ') 

cotii 77 - coth V sinh (77 — 77)' 

55 - sinh (77 - 1 - 77) -h cosh (77 p) rr. (cosh //-I- sinh 77) (cosh c | 

56. sinh (77 -I- 77) sinh (//. - 77) ^ sinh" u - sinh’ /■, 

= cosli’ 77 — cosh’ 77. 

57. cosh (77 v) cosh (77 ~ 7 ') c=> cosh’ u f - sinli’ 

— sinh’ 77 -I- cosh’ 77. 

58. sinh C7;/7:7r) = o. (77/ is nil IiitCKor). 

59 - cosh (7777 rr) t= ( — i)«. 

60. tanh (777/77) as 0 » 

61. sinh (77 H- m’v) = (— I)"* fjinh u, 

62. cosh (u + 777/77) = (— !)•" cosh «. 

63. sinh (2777+r) 3 7:7r==.d=7. 


sinli T7). 
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64. cosli (2 m + i) itr = o. 

65. sinli zh iij — ^ cosh ?/. 

66. cosh d: — ib * sinh ti. 

67. tanh (?< -}- itt) = tauh ?<. 


C. — Inversb Hyperbolic Functions, 


68 . aiuh-' « = logC« + ,/S^q-r)==cosh-l/,T+T= r 

J + r)^ 

69. cosh-> « = log i) = sinh 

J (n^-^x)'A 

70. taiih-‘ = i log (i 4-?0 — log (i —70 -= f — ■ 

./ I — u 

71. cotIi~‘ 7( = ^ log (i -f-70 — 3 log — i) — C — ~ tauh“‘ -i- • 

J I — jr u 

7a, seoh-« = log(i + V'^_.)=_J. 

73. CS 0 h-« = Iog (i+V^+l) =- J; 

74 - siu ^ 7i = — 7 siuli~‘ in == — 7 log (Ju + ]/ 1 — 

75 * cos ^ u — — *' cosh”* 77 = — i log (77 -|- i i/ifZ—. 77“). 


71^77 . . I 

S^_„.)«=cosh-'--. 
^ i , , I 

17 ’ 


76. tan-‘7^ ?tanh”>7« = ^.log(i +««)-- -A log (i —*7). 

77. cot-* 7^ = 7 coth-* m = log (ni — I)— ~ log (i7e + i). 

78. sin”* ill = i sinh u = i log (tc + 1/7 + 77*). 


79. cos * 7« — 7 cosh”* 777 = ^ — 7 ]og (?7 + ]/ i + 

So. tTO-,« = 7 tatih-> « =|-log(i+«)- 4 log (i-«). 

8i. cot-> = -7 coth- u = ~± log (« + I) + i log („ _ 0. 

8.. cosh- i (« + -i) = sinh-i («-^)=tauh- 

' **■ f W + I 

= 2tanh-‘|^ = Iog«. 

83. tauh”* tan 7 i=\gd 2 iu 

84. tau“* tauh77 = 7/, 

85. cosh- CSC 2 „ = _ ai„h- ■ cot 2 « = _ ta„h-> cos 2 « = log tan «. 
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86. tanli“‘ tali’* (J-tt ^ log esc 

87. tauh~‘ tan* -J « log sec 

88. coslr* n ± cosh"' v --- co.sh"' \^uv :i.: }^'(// 1 ) ( v* 1 ) ). 

89. siuh“‘ fi isinh"’ v = siuh“' \u \''i ~\- v' ;L: v I 1 -!■ //.'). 


D. — SKUIK.S. 


I 1 « . W I w . 

go. I -{-« + — -I-- |--h ,H- . . . 

2! 3I 4i 


92. log 

93. log 



1 r 

\ r — 

/'?/•+ I N 

l=2[ 

r 

lirrrj 

« 2 1^ 



■ 0“- . 



■« / ^ 3 \ 

) ' 


^ .... t \ 

V//^-ry ' -.5 ' 

4 - 1 7 

3 4 

4 . . . 

J. „«.|. 





97. sitih u:==u-\~ — . -I- -|~ 


(//’ <--*.) 
(2/- //■ -o.) 
. (C- 4 .) 

. . 0/ *o.) 
(«’• :r.) 

] 

] > 
(«'•■».) 

(«’ - .) 
(»'*■ >J.) 
{«'• ;*».) 


99. tauli 11 — 

n 

3 15 

3 ‘5 
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109. secli~* = cosli~* — 

u 

no. csch~‘ 2^ = siuh'* — 
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d® 4 . - 
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E. — Derivatives. 


111. 

1 12. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 


du 


= c\ 


loK< n 




I 

‘ 

dv 

du 


loge a. 


du 

d a" 
du 
d iC^ 

— = 2 ;“ (l 4 . log, 70. 
d siuh u 


du 

d cosh u 
dti 

d tai ih u 
du 

d coth u 
du 

d secli u 
du 

d csch u 


d7i 

d siiih~i u 


= cosh u. 

— sinh u. 

— sech* u. 

— — csch* u, 

— — sech u, taiih 

— — csch u, coth u. 


du 
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122. 

d cosli “ ’ u 

I 

du 

V id — I 

123. 

d tanh “ ‘ n 

I 

dn 

i~id' 

124. 

d coth“‘ u 

I 

dn 

i—id' 

125. 

^/secli“’ n 

— I 

du 

U j/i 

126. 

d csch - ' u 

— I 

du 

w V td I 




1^7 . 

du 


128. 

d gd “ ’ u 

— sec n. 

du 


F.—lNTfiGRAI^S. (INTI'GKATION CON.STANTH AU 1 { OMITTICD.) 

129. J^sinli u (/?i=:cosh u, 

130. J^coali udu=^m\\\n. 

131. tanh n dit = lojf coah u. 

132. GOth ?/(/«“ log Hlllh «. 

133 ' J'secli ~ 2 tmi g(l K, 

134 ' ^/'csch n (^w=^Iog tmih . 

135. /siiili" sii.h”-' u. oosh fsi„ 

„j. yj 'iinh'' ' u i/k, 

136. /cosh’‘w^»r..lsinhw. cosh«-t« 

„ cosli-M „ .|, ^ 

137* J'?'' sinh 7^ dn ~ u cosh n — sinh ■«. 

138. J* u cosh u dn = u sinh u — cosh u. 

139. jid sinh n dn ^ (w^ -j- 2) cosh « - 2 « sinli «, 

140. /77" sinh = cosh u shili n 

+ n (« - I) f „n-.a 



DKl-'im'WONS ANI> KOKMUr.AS. 


XIX 


I4I. 

j .siiih“ 

u du 

142. 

j sinh : 

u . cosh i 

143. 

f cosh“ 

u du •- -- 

144. 

('tunh’ 

u du : 

14s. 

f eoth“ 

// du ■■ 

u \ 6 . ^ 

f’seeh'-' 

u du • 

147. ^ 

['scoh'‘ 

U du r . 

148. ^ 

f csch'' ; 

u du ■■■■■■■ 

I 4 y, ^ 

r * 

sinlr" 

' U du j:' 

tso. ^ 

cosh" 

udu 

151. ^ 

tunlr" 

■ ' u du •• 

152. ^ 

u sinh 

udu 

153. ./ 

u cosh 

“ ' u du ■ 


^'54- jj (co.sli a -I- cosh ?0'"' </«=-ac.scli a. imh~^ Cliuih J w. laiili J.«), 
CHcli a Qoff cosh J (« -I- «) - log cosh \ (ji - . 

iSfl* f (cos a -I- cosh o'" - 2 esc a. tun"' (tuiih } n. tun | a), 
i5fi. J (r -h cos rt. cosh 2 esc «. tniilr“i (tniih ^ k. tun }a). 

157. J sinh u cos « s. .! | (cosh k. cos « -|- sinli n . sin ».). 

i5^ii J cosh 7i, cos u du j' (sinh u, cos u 4- cosh %(, sin tt), 

I S9' j «inh u. sin u du- } (cosh u, sin u - sinli w. cos n). 

iGo. ^y^cosli u, sin u du J' (sinh ■//. sin u “ cosh u, cos w). 

i6x. J'sinh (mu) sinh (uu) du 

c««) coflli (wu) n cosh (««) sinh (ww) J . 
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162. J^cosh (nm) siiih (?iu) du 

~ — - j,i sinli (iiu) sinh {mii) — n cosh {nn) cosh { >ui< ) 

in — u L 

163. J^cosh (inn) cosh (1111) du 

— r f^inh (mil) cosh (itu) n siiih (nu) cosh {nm) 

m — n L 

164. J^sinh tanh wrfK — sinh w — gd u. 


165. J'cosli u coth u dll — *20^X1 tanli 

166. J'sec = g(l~‘ K. 

167. J^sec^ «■/> (i H* tan '/> ' - J see (/* hin '/i 1 ,J gd ' i/<. 

= I tan </» (1 -h tan* </»)’« -I ' «inh * (lan </» )■ 1 1 cm- </> y.d u. 


168. 

V 

r fl'w 

sinli"*^- 

u 


a 

iCg. 

/' du 

:co.sli'"‘ 

n 

f («* — «>) ” 

a 

170. 

r du 

I 

, u 

' 

a 

« 

.7.. j 

f 

•— cotlr 
a 

-.1 " 


a ' 

172. j 

r ~du 

scoh " 
a 

-i " 

u (fl“ — ny 4 ~~ 

a ' 

>73. J 

f —du 

— csch ■ 
a 

-I " 


a 

' 74 . J 

r du 

I 

sinir 

(aid ~h2 bu +c)>i i/ a 



1 

\^'a 

cosh 



I 

l/- a 

: COS” 

175. j 

du 

I 

(aid -[- 2 bu -f- c) 

(ac~ 



i 

/* du 

} („■' .. n ‘) ' 

sin ' 

J 

II 

II ’ 

• 

r du 

,, ■ cos ' 

u 

n ' 


( * du 

1 

. u 

J 

' /J* 1 

tan 

0 

1 

II ' 

1 

f* -du 

1 

1 u 



cot 

V 

t/ 

■i , i 

(d X n‘ 

n 

It * 

i 

(* du 

1 

1 n 

J 

' u(id 

• • fits' 

» ii 

1 

It ' 

1 

r --du 

I 


J 

' w («* ,d) 

CSC 

a 

1 

• 1 

, nu \~b _ 

n positive, 


<iu-\fi 
(/;* 

a positive, 

III • b* 

nu - 1 - (> 

u Mcgiitivc, 

111 "' 

UU\-// 

(<u:- by d 


U< > 


_ — I i. 1 1 * I" l> 

— I ,X i tin I • It 


at < f<\ 
nil !■ b <(//^ 

rt« I' /<>(//* ac)'i. 
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^ C dii 2 

J (n - u)(f/ />)ja ■(«... /,)Ji 


taiih”> J" . 

^ a — b 
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U-^b 
^ b-~a 
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du 
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ft 
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■ Xw^ -^ d'^du. 
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190. 

191. 

192. 

193. 

194. 
195- 

196. 

197. 

198. 

199. 

200. 

201. 

202. 

203. 

204. 

205. 

206. 
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k 

r . 1 .. r mu - log (rt -v . 

J rt -}- be'"" am L J 

'^v)- 

- log (/rt h' H- / rt) J . 

/ 7 ie" dn _ e" 

(T+ w/" 7 f 7/* 

c , , <?''“log77 I 

J.-log«rf» = ^ "Vj 

J ' log u du — u log K — u. 

.f]’ 

J^(log 7O" " (log 'W)" — « ( (log«)"~‘ du. 


Ju"' (log 1i)'* 


dn 


u”> •» ' (log uy 
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DltKINlTIONS AND KOUMUl.AS. 

£'''sinh {vm ) . sinh (ww) cosh {mu) . cosli (////) liu 

: :o, if m is (lifl'euiut from u, 

r * siiih (w/w) dll = o. 

J — I TT 

X I ff 

cosh (mu) dll = o. 

( siiih (mti) cosh («/#) dif - ■ 0. 

*/— itr 
IT 

I sinh (iim) cosh (mn) dii o. 

4/0 

./() I — n 6 

f 

./() l-\-U 12 

r±«iL A 

,;o j — w* 8 

/’i /I •}- ■/( \ di( ff* 

.)« \ I — K j « 


p* log _ 

0 (l 

— ji - f ) (fii 

0 log U 


4 

log 2. 


I / H* I 
log' 

^ -I- 1 


, if /-I- i>o. q-V i>o. 


(log «)" dll ( — i)” . «!. 




:( 


du 


dll ™«!. 

-j/lT, 


“’kt) 

'°S (“■) *' = 
log ( Y f ) du 




IT 

'4 
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1 '’()UMIII,AH I'DU TUK Hoi.UTION OJ^ ]*SUUli<)-Sl*HKK ICAl, Tui A NC. I.US. 


a . — AVi» /// 7 'riant*- ha . 


.siti A 


cniiul 


cos j-t 


cot A 


cos Ji' 


col // (a) 
cot fl (c)' ‘ 

cos // (/») 
cos II (c) 

sin // 
sin II («) 

coU/(//) 
CO.S II (il) 

OOS//f«) 
cos II (r) 


sinli a. 
siiih r 

tnnh /> 

ttiiih r 

sin Jf cosh a. 

sinli /* 
lanli a 

liinh a 
tnnh r ' 


cos /{ , — sin A cosli 

sm U {/>) 

, ciit II (/>) sinh // 

sin />*: ; . ,1 , ^ • • I 

trot II (/•) sinli r 

. ,, cot//(//) sinh « 

cot /f n\,\ ^ 

cos II (/>) tanli o 

liuwl tan A’ sin //(c) sin // Or) slji // (/^). 
; sech i: ■ ■ sctrli a sech it. 


i>.—()i>liiiitr y>vVrr/i»/c.v. 

^iMic }.;:cncral relations are: 

cosli a cosh b cosh c- sinh b siiih c cos A, 
sin .-/ sinli b ■■ sin 7/ sinli a. 
coth a sinh b cosh b cos sin Ocot A, 

cos A •' -cos y/cos r-l* sin //sin rcitsh a. 


I'oi’li solves Ihc six lyiilcal cases in lln: following? umniion 
Camic r. ( liven rr, r. Put 2 f> - a -I- b -I- c. Then, 

tan i A 

Tlie conditions arc a b -1' r ; b A a -h r: and <:■< « - 1 • 


-A) . sinh ^ 

sinh /* sinli {/> -a) 


Casic 2 .- -'(liven a, A. 


Theiwr ■•CJ); 


sinh b sin A 
sinh a- 


Draw the jjeodetic line CP iierpondicnlar to .•///. 
< I ; cot .J- C> o ; and tnnh ,J r o. 
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. „ sinh b sin A 

sin B — ~ . , 

siiih a 


cos 4- C ~ 


tfttlll 1 c — 


tail \(A — /I) sinii 4 ((/ -t- /'), 
sinh .V (<i ■ • /') 

tniili .J' (rt — b) sin .1 (// !■ /j)_ 


sin A (W — B) 


Casks- — G iven C 2 A :r:- ir — (y/ I- A' j 

^ cosh K" I 

taii|(/i— y/) — cot A C. , , ,■ 

' “ sinh A (ji I ' /') 

, , , / slnAsin(A ID 

Cask 4.— Given/?, B, c. A H-y?<7rnn(l 7 W ■ VV/f,'. 'I'lu; iiiikIc /»/>v; 
is tlie angle between the geodetic VW drawn iterpeiulicnlur in .7f,’ uml tin; 
geodetic JJG drawn parallel to AC. 



I,';;. 

tm ic== a/”'"'' 

’ sinli p sinli {p- -( ) 

Cask 5— Given A, Ji, a. a :> a) and A -h // . ■ r. 

Solve the two right triangles formed by the Keodclic line f VJ drawn tier- 
pendicnlar to yi/y. * 

Cask 6.— Given A, B, C A ■]- //-|- C<n. 

’'•sm (A Ji) sill (A l- C) 

H. FokMUKAS KOR TlIK SoiAlTION OK 'I'lIlC Cuilic', 

If a cubic ecpiation is given in the form 

ir' -) - rt-r* „[. f 

It cau be reduced by the snbstitutio,. a 

-V® -V px -| - q (t, 

'Taken from Des Ingeideiira Tnaclieiibuch der lUille, Hurlin. ifiili (‘(lUion. 
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Case i. — W hen px ± ^ = o;^ and ^positive. Compute tlie auxiliary 

variable n from siuh u = . , ..w ; then the roots are 

;rj — =F 2 V \P sinh u. 

Xj= ^ V ^P sinh i i/ p cosh -I- u. 

^p sinh — i }/ p cosh n. 

Cases. — W hen ~/:»jr±^ = o; > and <7 positive, (i < Ci 7)’* Com- 

pute u from cosh u ==-i-rTrTVi2J then the roots are 

\P\\P)'^ 

jv' j = =F 2 V \p cosh -J- u. 

= =!= |/ ^p cosh \u i P siuh -I- u. 

Xg = ±: V" \p cosh \ u — iV p siuli ^ n. 


Case 3. — When — pX:tq — o’,p and q positive. pj >(| <7)^ 


pute the angle u from cos u = 


\Q 

\p Vkpy'^' 


then the roots are 


x^ — '=^‘ 2 V \p cos^fi. 

;r, = =F 2 1/ ip cos 7 f -f 120®). 
Xi====F 2 iP cos Q u H- 240®). 


Coni- 


Case 4.— Wheu >>.r±^r=o; / and ^ positive. (i/)*= (^ <?)*. 

= =F 2 1/77. 

A-j = ATj = ± V i p. 


For applications of hyperbolic and circular functions to the solution of the 
cubic whose coefficients are general {i. e. , real or complex), see a brief paper 
by Mr. W. D. Lambert in American Mathematical Moyitkly for April, 1906. 



GEOMETRICAL ILLUSTRATIONS OE KYPURHOMC 

EDNCTIONS. 

The algebraic relationship of the hyperbolic functions to the I'iit'ular iiiiu-- 
tions has been discussed in the section on defmilions and foniiuliis. A rlo.-u* 
reIation.ship also exists between the elliptic functions and the liypci Ixdii; 
functions. Thus it maybe shown that the elliptic integral of the lirst kind, 

«= , 

in which k is the modulus and 0 the amplitude, reduces to n ■ ' ' 0 u luni 

k — i. The elliptic functions thus degenerate into the liyperliolu! fum lions 
when the modulus is equal to unity. A case in point is llic {•lastusi, llic 
equation of which takes the form of an elliptic iiitegnd, excepting when the 
modulus is unity. It then reduces to the two equations 


X . , V 

— v=:u — 2 lanh U: 
a a 


2 

cosh // ’ 


which is a syntractrix described by the free end of a rod whose middle point 
traces out the tractory.' 

Ligowski gives the following easy geometrical method of tlcmonslrulijig 
the relations between the hyperbolic and circular functions. r,etlhcciiimlion 
of the circle of unit radius be 

aud call the arc of this circle from the positive .v axis to lluj point c, r,. 

Then, of course, tlie circle may lie rcprc- 
sented l)y the two cqualions 

,Vf. s-'-cos Wflj yf, : sin //„. 

Now, tlic area of the circular sector, whoso 

chord is 2j'c, is so that .Vo and 

yo may be regnrdotl as the cosine and sine of 
a sector The ellipse may lie derivc-d 
from the unit circle by mnlliiilying the or- 
dinates j'o Iiy A Hence, in the ellipse, the 
area of the sector subtended by Llie eboid 
2 ye is, say, i(„ and Ue ■ ■■ /i/q. 

* If in these equations m is subsUtuled for a they roproscnl uuy !iynlr(u;lrix, The two 
equations, with this substitution, cnii be combined to the following : 

a* //#’ b 

showing that the curve Is traced by a point on a circle of rndlua am whose l•elllel• i-i in 
motion. It is noteworthy that if in this wpmlioii llic hyperlmlic wieU.r u is icnliu-ed by 
a circular sector fp, the new equation represents a prolate or a cmlale cycloid, or lielicr 
the syiicycloid. Thus the syntractrix maybe considered asu Hyncyclold with an inliniie 
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Thus 


SO that for the ellipse, 


Hr. 

Xe ” COS «(! - - COS 

J'rt . Hr, 

yr, — J = -=sm » 

.•V- I 


H-t . , Hff 

Xc • - .i-fl --- COS ; yc b sui •• 

The equation 

— J'* ' I 

represents an equilateral hyperbola, and if « is the area of the hyperbolic 
sector whose chord i.s aj', then there can he no objection to wriLiuj? 

X “ cosh n ; y sinh u, 

where cosh and sinh are functions whose nature is still to be deterniined. 
The most evident relation is 

cosh’ ii — sinh’ u « i . 


Now if / Ks: i/”— 1, the hyperbola may l)e written 


which is an ellipse whose major axis is unity and whose minor axis is t’. 

Comparing this witli the ellipse discussed above, It appears at once that 

1 H 

X =- cosh « "■- cos - 

i 

y sinh u 1 sin 

^ t 

or, in an equivalent form, 

cosh u cos iu ! sinh u -r: — i sill in, 
cosh in - cos u ; sinh in « i sin u. 


The investigation of cosh n oiul sinh n can he completed in various waj'S ; 
for example, by writing out the series for cos in ami — f win \u luul showing 
that their sum or difference is <7*". 

The geometrical proiierties of the hyperbolic functions themselves arc com- 
monly discussed in reference to the equilateral hyperliola. They could also 
he derived from the geometry of the ellipse without reference to the hyper- 
bola ; hut a more perspicuous method seems to he to study tliu relations of 
these functions to both curves at the same time.’ 

In any ellipse, 


'See Dull. Gcol, »Soc, Am., vol. a, 1891, p. 49, and Am. Jour, Sul., vol. 46, 1893, p, 337. 
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the area a ^ may be chosen as the unit area, so tlmt tlie (’.[uatioM of Ihv 
curve becomes 


By varying the value of « in this equation a family of ellipses is oblaimsl 
each of area tt, all with the same center aiul all with axes lyiiq; in I be axes 
of coordinates. The envelope of this system of curves is the ]i\ pei bolii 
xy = I-, and this may be conceived as generated by tlie moLioii ol a .'.ingle 
point, The coordinates of the point at wliich the hyperbola is laiq;enl 

to the ellipse, are 

I « 

,v, = r.-.: - ; 

|/2tt I' 2 

and the coordinates of the point c at wliicli the hyperholii i.s liingeul to the 


unit circle, are 




Fio. s. 


If the hyperbola is conceived ns generated by the point c in moving from 
its original position to (or as a “line of How’'). ilH nidius vector swuep.s 
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and because ,rj’ J, 




Since no intej^i'atioii constant is required, 

u I log i log id or H ~ f’*. 

Tlie area n is the sector o/\ rV*, where the c«(U'dinaloH of J\ arc ~J'u 
and j'.j : It is noleworthy that two oilier areas, /i/’ cJ\ U and CDP^ 

/•/’, have this same value, for evidently 

/*'j /V/j 

I ydx - I 

' •'! *b/i 

The length of the chord /* I\ is 

l/ (.r, — :v,) “ - I - 1 J\ “ yj‘ a — • * , 

and half of this, or J\ a, is the hyperbolic sine which nmy evidently be put 
in tins form 

j-U « • - H 

sinh u i~:s 

2 

»SInce the curve J\ cl\ is an hyperbola, 


nnd therefore 


0(i^ — al\^ I, 

.. -I- <?"•'* 

Oa Kr-: 1/ I — SUlll’' U r::: COSit U. 

2 


The (liamoters connecting the points of Intersection of the unit circle and 
tlio ellipse whose axes arc « nnd «-•, may be called Die isocycHc diameters 
of the ellipse, because tlie circle and the ellipse have llie suine area, These 
diameters are not conjugate. If llio ellipse is conceived ns the .section on 
the greatest nnd least axe.s ol nn ellipsoid of unit volume, the isocyclic 
diameters are the traces of the circular sections of the ellipsoid. The coordi- 
nates of one of tliu points of intersection, .say A‘, are 

d- I ’ l/tt” -I- I ’ 

nnd therefore the angle v, which the vector u/j malce.s with the major axis of 
the ellipse, is given by the rclnliun 

Ian sssif—tt, 

and it follows that 

tan ( y (cot r — tan v) s^^^sinh w. 

This angle ^ or the gudernmnninn of u, so that in any 
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ellipse whatever the aiiKlt-' hy any line parallel Id one i>;Di'\ rlie ilinniiln 
with a perpendicular on tlie other isocyeliedianicUT is the j-inlei iiiaiiuian dI I In; 
natural lognrithinof the seiiii-tnujor axis, lliisheiny; expresst i! in lei inr. nl ilie 
isocyclic radius, which in the general case is tlu- sipiare root nl the pind 
net of the seniiaxes.’ In the diagram the jpulennauiiian A'/’, sli'iu n .is 
bisected by the axis of the hypcrliola, and it i.s worth reiiiai b inj*. th.il ii llu- 
ellipse were to be distorted into a circle hy eoinpressinj', llu' inajDi a.sisand 
elongating the minor axi.s, the line ol> would Ite bnnip.lU into eniiii iilc in'i' 
wdth ob^^ so that,(;»'^? ?^cnn he defined as the angle Ihidugh w liieh an isiuM lie 
diameter has swept when the ellipse has been ileiivcil fiuni a ciiflc by it lO' 
tatioiial plane strain. 

The angle 45° -h -which occurs in the formula for itii'i iiliniial itarls 

is the angle made by either isocyclic diameter of (he ellipM- witl> the nunor 
axis, and the tangent of this angle is the senu-nnijor axis <*, 

The twofold relations of the hyperholie functions to tin- liypnliDla and 
the ellipse are illuslmted in n somewhat dlfierenl niainier in liKitir r., 

Here the curve cp^ is an are of an hypi-rlmla j-'’ • .v* i . I )' tin- area 
of the sector £7/^, f is called w, /, • slnli // and eosli //, Malce 
dc=p^ a and draw the associated ellipse shown in the iliagram. Tlu-n tin* 
angle boc^gdu; cosh « and 

tan /,'v/w - :sinli // 

.sec.j,'v///: u!osli /r 
.slnA'v/w: lanhw. 

The ellip.se lias corrc.sponding properties. Since llic gudcrmanniaii ia the 
angle between either isocyclic diameter and a line pci jiendiculai' lo the uilu-r, 
the line ob may be regarded as coincullng wllli one Isocyclic diaiucln and the 
axis of abscissas with the other. The major axis of the dlipac tltcn lii-iccta 

‘The isocyclic diameter used in thin llhiKlmlioti <if hypevlmlic fuia-lluii’. li. ti in du- 
circular secUoa of a ahear ellipsoid, or mi dlip.sold iiMvhldi llm mrua u>vi-, I-. » mr.iii 
proportional between the greatest and least nxe.H. Tlio poailioa of ila- ri.i ab.r ji.-riinij 
of the general cllipHolil i» also readily expre-ssed hi |,.rma (»f hyiuTlM.lic fum-limr,. I.el 
the equation of Uio ciliiwoid be 

“T d' d- I : rt .> A > r. 

If -™ = cosli «„ and I' = cosh //j, 

the angle >< which the circular Bcction iimkc.q with the KrcatitJit axis is jjiv.-n hy 
tnnpe=~V Innh iy ^ luiili «, 

7 c — A — " Hlah itj 

If Hi ™ Kj and j = fl thia cxpreaslou reducca to tan i> ra a or tn the vim- of Hits 
shear ellipsoid. 
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tlic ai)).;lc yc)'’ —■ t>(/ ils nuiKiutiulu is 2 r", uiul tlio c<[ttcition of tlu; ellipse is 
.r'^ 4. VI' tnn }>d u l-j'* (4 tiin®,i'v/ u - j i) i. 

lly varying; the value of tan frd u (or sinli n) a system of ellipses is obtained 
wluisu eiiveloiies are )' ^ ;i_; i, so that if any one of the ellipses is sup[)osed 

to 1)0 derived from the circle h)' <listorlion, the process is that generally 
known as " shearing' motion or scission.” 

If the points in the circle arc soiijjfht wliicli correspond to the iioints on the 



major axis of the clIit)soid, it will be found that tlie an^lo liotweoii the two 
positions (the aiij-le of rotation) is equal to the uiniornmnniund 
If itislead of the horizontal, the vertical line in figure 6 had heen taken as 
ooincidiii}? with the iaoeydic diameter of the e!lip.se, tlie result would liave 
been the discovery of a system of ellipses wlmse envelopes are.r-^P: i, 
similar in all resiiects excepting? orientation to that discussed. 

' I.ovc'h TrcHtlHe on the Theory of Ivlastlclly, vol. i, p. <13, 



methods oe interpolation. 


It is not easy to describe the use of the tables which ftillow witlumt sonu; 
notes on the methods of interpohilion with reference to wlticli they me 
arranged. In all of them the argtimciit advances by eiiiml incremeiUs, encli 
equal, say, to w. It is required to find a value of tlie riinction P iuLcnne- 
diate between two tabulated values, V'Jlaud /'], correspoudinj’' to a friiclioiml 
value of the argument or toww, where « Is nlwuy.s less tlum unity, and 


preferably less than one-half. 

I,et Fn be the value of the function to he determined ; let lunl be 
tabulated values of F innncdiately preceding and let /‘p /'., lie values 
immediately following /'o- Denote J’\ — J\ by (r,, oilier first ilinerciu’cst ) 
being similarly represented. If also — a, ^ /», ■ l>„ ■ etc. , the whole 

system of functions and dilTcrcnces is .shown in the following scht:»lnle 



d' 

J" 

/'L 


b" 


it" 

V 


a' 

K 

A 

a, 

K 


(T, 

K 


J" 


J.V 

r 

d' 


.J'‘ 

/" 

/' 

,/o 

,/i 


The most familiar formula of interpolation is due to Newton, and in tlie 
above notation it may be written thus: 

,, „ , n{n — i) , , 2) 

= 




2! 

n (« •— i) {n — 2) (« — 3) 


4i 


'The notation and genciHl outline of trcntmciil here presented vlom-ly fidinw Mr. 
Herbert b, Rice's IrenliBC, Theory mill Prnctice of lulcrpolaHoii, itvyi;. Tlio Niidndw 
Press, bymi, Mossacliuaelts. 
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The coefiicieiit.s are those of the binomial Ihcorein. This foniuilii is aj)])!!- 
cable to the lirst intervals of a series, which is not tlie ease with any other 
inode of inteniolation. It may also he ndai»te(l to tlie last iiitervnis by siih’ 

stituting — w for a and <f\ h\ i'\ d'\ . . . d., Tii systematic 

interpolation, such as is involved in the construction of tables, it is usual to 
employ the more rapidly converging fonnuhisof Stirling or Hessel; hut wlien 
a computing machine and a table of products are available it is sometimes 
less laborious to compute an extra term of Newton’s formula than to cidcu- 
late and apply the mean diiTercnecs called for by the otlier methods. Jtoth 
Stirling’s and Vessel’s (brniulns can he derived from Newton’s by known 
relations lietweeii the several <1 i (Terences. 

In Stirling’s formula the mean of the first dineteiicc.s next preceding and 
following 7'; is made use of instead of only the lattcM'. as in Newtoir’.s formula. 
The third differeiice.s are similarly treated, so that etc., being new 

quantities, are defined hy 




c-Vc, 


0., etc. 


llicsc mean values aie used in coiijiinction with the oven difTertmeos on the 
same horizontal Hue with 7 -; in the .schedule, and Hlirliug’.s foniuda'i.s 




n {id -- I ) 


n (id- 


" ■ 3l 

i ) (id — ,]) 


fi.-| 


'■o I- 


■id (id- 
4 1 



To Interpolate backward it is only needful to substitute — n for n 
In IJe.sscd'.s formula use is made of mean din'erences of the even orders and 
If d, etc., are these menus they arc denned in terms of the scheduled dilTer- 
euces, tliu.s s 







- = d, etc. 


<|'W (tiiri!reiu:eH n„ c„ ulc,, tiiid 

u - 

4i 


the foruuilu i.s 

7'; — 7-;.--.=: d- - — T * -I • ■” ^ ..p C« • I ■ i ) « (« --r > (« — 2 ) . 

2 I 3! ' ' d 




b . . . . 


When n I or for interpolation to the middle of an iuleival, the co- 
emcient of c, vanishes and 7 -;, is iiulopendeiit of third din’erences, wliicii 
1.S clearly a great advantage. Xu general this method Is very advniitngeou.s 

when « approache.H one-half, while Stirling’s formula is preferred for small 
values of n. 
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When Bessel's foriiuila is used fur l.acku’:ird hitei [.nliil inii i( ninv In- 
written 

-I- 0 0 / J) , I 

n being taken as positive. 

A distinct method of interpolation is founded diiv.-tly npnn 'I'avlor's 
theoieni. If etc., are the siieeessivi: derivaiu es of mid c. is | h,. 

constant inerenicnt of the argument, this fiiiulmneiilal theoiein inav la- 
written 


A" + y-r 

2 1 


e 

I I 


• . . (‘ 1 ), 


and tins liccomes an interpolation fornmia wlnni llio dri iralivos am os 
pressed .n terms of the differences. This is rca.Iily an omplisla d 1„ anv 
degree of exaetness whenever the din'ereiiccs hccomc rigormi'ilv or /len-iil.lv 
constant at so.nc part.cniar order atid the tahniar intcs val i.s .small relaliv.dv 

dv it is"" t T"- "f ‘1"= '''•H-’n' 

be l-novra «""'.vlioaI exjapssion of the fmadion .slamld 

be hnown for, renmuiging the terms of the formula of lira-.cl and Sliriing 
aecordtng to asce.uhng powers of u and comparing cncllicients, ’’ 

(.SlWin,;.) 


^'7 ^ 

-i- /i + As-l- 


A" = 

“ (^,3 3 d — :tV ■ 

I" 


== ;,ii Cd — -i . . 

.) 

a 

i 

II 


A-' =1 
•» 0 

= ■, 7 . ('a—. . .) 



•)/ 


(‘^0 ' li di 


11 il '’ll ' « ■ • , 
I'l! <, 1 ' . . .) 

,(d. ■■Id, I- . . .) 

' • • ) 

the n'r rf <l<-'n’vntivc, .s,iy fr.an Htirling'.s hninnla wlicn 

theflth d.irerences and .,>,of the meannf the tin, ... . 

cedin7an<l f '‘I"' 

-.«lonhen.e^.ofthcc:;"7^^^^^ 

«Mrca of 


. . .) 
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" ^ 2 'a -I- . . .) 

A" (<-3 ”*...)» 

and for argmuciiLs imiir the end of the Kerica of tahiihu- values, 

■ d- I // -I- \ c‘ d- k d" \ h d" -f . . .) 

y*" . . .) 

yr- d- M" d:i/"d- . . .) 

/■'- d- . . 0 

(/" d- . . .). 

1 he din'creiieoH of tlje derivatives may of course he found and discussed 
lu the same nmmior as those of any other function, and the hig-hor deidvn- 

lives. /'« , eim lic expressed in terms ot Ihe din'oreucos of 

lo dishn^msU the differences of A' from those of J.] they nmy he denoted 
by Greek letters, nnd the notation is exhibited in tlie following scheme ! 


ft 

y-'-i /i' 

a' 

■^‘u /^a 

A' A 

a, 

A' 


y 

y. 


«, -]• II :;r.: 2 «, 


y, -h Y • 2 Xo 


page xxxvi. the successive derivatives inclusive 

ol iilth cimcrcuccs are luuv 


A' 


-(A- 

AS,): 

vr 

Cyu)i !'™ 

and the interpolation formula may he 

written 


A, 


■ 1 Yo) -[ 

w" «» 

, 7i * ri) 

+ - j- y, -1 

or, 

neglecting fifili differences, 





. Ai “ A "H « w j^y^g' -[- . 

” 1 
Y%-\- 

j, « /«’ 

It 


anc 

1 for backward interpolation 





7“a d* 

6 12 \ a 



?riij 

"si' 



xxxviii 


MRTIIODS OK INTKRPOT.ATlON. 


In the table.s which follow, the first derivatives niiiltiplieil hy ure latiii- 
lated ni units of the last decimal place of the tiihiiliiLeii fiiiuHinn (i x. ept 
lable VII), and the remaiiiinjr quantities required in llie eoi:ii)niati..n vau 
be found by mere inspecliou. The higher order of diilereiices will In- needed 
only for a very few arguments at the hegiiming or end of (li(»se tabular 
values whose numerical magnittidcs approach o or co. h'or the leniainiiip 
arguments it will be found that the „■«- liart of the second dilleremv of r,. 
lanot great enough to influence the result, and it is tliLM cforc suflieient In use 


/•„ — /'p n M (/'i,' 

/' ~ /'I — ji <,i (/<’' . 








(V'). 


wn„ being the moan first dilTereucc of « corresponding to 'I'liis foniuiln 
ia rigorous when third differences are zero. In most oases can be found 

mentally, „„cl since (/■;' -|- „„) i„ ,,c,e to l,e to,;„.,lc(l n.s n„ inter, ,nl„u,l 

value of i,o confusion can arise as to the sign of tlie coiTcction. U Unis 
becomes almost as easy to include in the computation as to omit it. A 
vement rule is; hind by linear interpolation the value //' f,„- one-half 

the interval multiply this interpolated value by the entire interval 0,) 

““SSS - 


== 7-47712 ; ,,, 




ithe last two quantities being expressed in iiiiils of the fifth decimal ohm.. 
Interpolating /■' linearly for oue-lmlf the intorvul, ^ ‘ 

'»in = "(/':'-|-~n.)=i 447 , 7 _„.c X 411,3 =..-I 4 ,-, 8 ,o; 

vai,m ,.f ii,c 

Al~ 1438,0 X 0.4-1-7.47712: ; 7^, 

I he corresponding difference formula (Ilessel’.s) i.s 

mo^t of „ci„g ,„„ol, 

- aaine .yccigi.ti.a -'Sir;: r 
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same order of decimal as the function. I,, the case of linear interpolation 
however, il is in general more aceunile to use the <liaeronces, the maviiiinin 
error of the difTeronce formula heiug oiie-hulf of -n unit ami that of the de- 
rivative formula three-fourths of a unit in the next succeeding decimal place 
Ihe accuracy of the two formulas is the same when the next siicceediiiLr 
decimal of the doriiuitivc is tahnlaled. The error of tiie derivative formula 
IS then simply the error of the tabular value, while the error of the dilTerciiee 
formula may he > or • than that of the talnilar value, hut is never cavater 
than oiic-lialf of a unit. 

Interpolation formulas which are ujiplicahle only to a .single fuiiction are 
rarely advaiitageou.s, because ns mnoh time i.s often consumed iti looking them 
up as IS .saved by employing them ; hut .some fornuihiH applicable to hyper- 
hohe functions aru so .simple that when once .suggested they can luirdly be 
forgotten. I bus, Taylor’.s theorem gives at once 

co.sh (« -f 0.) — cosh w sinh « -|- cosh « -f nmh « , 

and the form for the siueJ.sof course .similar. Again, wlien, ns here, the 
cosine i.s tabulated with an argument in terms of radians, 


cos U 


cos (u -1- n w) 

the soi-ie.s for the .sine being similar. 
vSo, too, 

log« (u -I- n<i}) 


U to Hill W— . . ..... ... cos U 




»in n H- 


log, U r.-:. log„ -I- 


n<» 

■it 


■}i* «»* 
h* " 


W* !»* 




to* 


U 


( «’- < '•) 
.) . . . M. 

), ('"-■• O.OI) 

C‘“ • • o.ooi) 


Simplo.st of all I.s the exponential, 

H- « « ,,, _ j ) . 4. "* , 

V 2| 3| I 

(-J- o.or n -I- 0.000,05//’ 'I' o.ooo.otio.rO; «* -]- 
^"( 1 - O.OOI 0.000, <HH), 5 //’ • [- . , 

pie serie-s in nmy bo rcplnoo.l by h. and ibia nmy Imvo any nnile vnluo' 

"p- 

From time to time invorao intc-polalion by a .«ot!,o<l moro aoenrato tliaa 

-P-din,toa,iyonr„not,o...^n,u,a,L'„;^S 
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Another method consists in iiitcr|ioljilin^ values of the function imd it;; tici iv- 
ativesfor an ap])roxinmtc value of the reijuired inlerval aiul then conijnil iu)', 
a correction to this approximate value by menus (»f a revcnscil 'I'aylor’s set ics. ' 

If second difTercnces only are to be talc<Mi into turoiiiil, tlu* usual niellind 
of procedure is to estimate aii approxinmte vabut of n, say //', tinil willi (his 
estimated value \vc ititerjMdale linearly as before and linil tlu* value of <" /•;,/ 

X 

correspondiiig toone-lmlfof the estimated interval ^ j ■ 'I'hi'U the re(|nii ed 

interval (w) is equal to the difference beUveeii the given value and the nearest 
tabular of the functiou divided by l\>. This luelhnd is in fact simply the 

reverse of the one for direct interpolation. A recoiiqiiitalion i.s of course 
necessary if the values of n and «' are not practically the same. As an illus- 
tration, find u vv'hen log,p siiili u = 7,<|.SjH 7. We first comimte 

,/„7-4«^»7”-7-477‘2 

144H.0 ' '■ 

then the value of w /v in terms of the last taluilar unit is found as before 
by linear interpolation to be 1438,0. Hence 


1438,0 


o./|o ami u : . «.oo3(>,j. 


Since the estimated and computed values of the interval aKtec, there is no 
need of a recomputation. 

The melhod.s which are based uixm an estimated value of ibn argument 
are unsy.stoiuatic and clumsy. It is iiiueh belter lu iisi,: a foriiuilu which 
gives the required result by a direct and rigorous mulhnd. To find siieh a 
formula, divide Taylor’s .series (cq. a) by •» and imt 


. = ^ ^ y /C" .... . ..." /• '■ 

AV ' 2 ... a;' ' a- ' ■ (i ya. /r ' A '■ ' , y, . . 

then the interpolation formula inny be written 


"1 -I-/. -I-/, -iv; «' -I'./; 

Reversing this scrie.s in accordance with the rolati(»ji,* 


-f- H- 5 rtr„ rtj — 5 a,*) 


:a> 


+ - g ( “h 2 «,«„•) — 21 T ^4 «/). 


» Rice’a Tlieory flud Practice of Inlerpolttllon, section 83? 
« Prof. James McMnlion 5 “ On Iho General Term lu the 
Am. Mutli. Soc., April, 1894, 


UevcrHloii of Series." Hull. 
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wbicli is the reversed series of 

j/ = /Zq X -j- -j- a, x-"* ~i- as at jr*; 

aud rearranging the terms/ 

« == «, + [— ?/,/a + 2 5 + 14 (»iAy + ■ • •] 

+ C«i/3 (— r -f 5 — 21 + . . )] 

+ «i' [»t/i (— I -f 6 ?i,^) + 3 c»,y/ + . . .] 

+ (rO. 

In the actual computation it is convenient to put 

fj, 


then, when successive values of are tabulated in units of the last decimal 
place, and Stirling's coefficients are used, 

M (a„ — ^ yj 7 /,/, = -J. r o) — ^2- SJ 

«l/4 = f2-^"7o «i/6=aV^"V 

The formula is rigorous inclusive of fifth difTerences, aud does not require 
the computation of an approximate value of It is applicable to niiy func- 
tion or series of tabulated values whose successive derivatives becojue evanes- 
cent. It is particularly convenient when diiferences higher tlinii the second 
are neglected. The formula then becomes 


n — fli + til [ — ?' («> Og -f 2 (?- (ti (io)2 — 5 (ro) ay -|- 14 (/■ (w . 

Since ^'^a^^isa very small quantity, the higher powers are seldom needed, and, 
should they be required, are easily taken into account. As nn example, let 
it be required to find u when log.o sinh w = 7.48287. We compute 






7.48287— 7-47712 


aud 


= 0.40 

2 ..A-; - r-x’r'w.y 


1447.7 

0.40 


7^, 7 -waa = 0.40 X 0.0001 X (—48,3) = 0.00. 

Hence 7/ = 77, = 0.40 and 2^ = 0.00304, the same as obtained by the other 
method. 

When a;, = t?'*, it is easily shown, either by means of .series 0 /) or bv inde- 
pendent methods, that ^ 


77 = log ( I 

77=. +77,— 0.00s 77 / + 0.000.033 77 / + . . .. (.« =o.ot) 

,,= + „._o,ooo5».’i+ (..=o.oor) 

These formute afford an easy means of finding the n atural logarithni of n 
‘ See, also, " Inverse Inlerpolatioi. by Me«..s of a Reversea SerlesT^hil, Mag. , 
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number from the tabular values of lliiis, to nml tin; nalmal lof^arithni 

of 0.9642102, we compute 

’ 0.0009646403 

Substituting iu the last of the above c(|uatlonH 

= 0.44587 — 0.0003 X (0.45)-: 11.44577, 
hence nat log of 0.9642102 = — 0.0364458. 


One of the most important applicfttloim of (liirercMU'(;s Is the ilfU’clitui of 
errors in values tabulated at equal intervals of the argument. It maybe 
shown by substitution in the .schedule of dilTeioiice.s (page xxixiv) llmL an 
error, -f e, in 7^ produces errors iti the sitcce.sslve lUlTL'rt'nfes nf any uider 
which are multiples of c, the law of distribution of llu; iiiultipIrM being that 
of the corresponding coefficients of the l)inomial iheorc'iii, and the sign.s of 
the errors being alternately positive and negative. Since .some oriier of dif. 
ferences of every coutimious function must vani.sh, the jue.senet! of an error 
in a tabular value must iiltiiiiately result In proilueing sueiH.'s.sive diflVreiu'e.s 
of a certain orderwhlcU alternate in .sign. A comparison of these dilTcrences 
with the correspoudiugbiuonilal coeflicieiU.sciml)k‘.sone toc'-stimaUi the mag- 
nitude of the error. Thus In tlie .series which follows j 


X 


13 

2197 

14 

2744 

15 

3375 

16 

4096 

17 

49IS 

18 

5832 

19 

6859 

20 

8000 

21 

9261 j 


J' 


547 

631 

721 

819 

917 

1027 

1141 

1261 


J" 


84 

yo 

98 

98 

no 

1 14 
120 


6 

8 

0 

12 

4 

6 


J^i' 


4. 2 

H 

• l‘ 1 2 
8 

4- 2 


XU sign occurs in the fourlh-order diiTeroncus, nml the mnner- 
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Ifihle I is (lovi)to(l to /j-pliuiu values of tlie lo^at'ilhiuic hypc'rl)o]ie sine, 
tsine, aiul ooLiui^^eiit of n expressed hi racUatis. 'Die [U|;uiii(.:iiL 

advances by teii-tlKnisandlhs from o to o.i, by thousmultlis from u.i to 
o, and by hniulrcdtha from 3.0 to fi.o. In this as in all the tables (except 
ible VII), instead of tlie lust dillerences, llu; first derivatives of the ftnic- 
iiis multiplied by the taliular interval («») are lahiilated in units of the Inst 
cimal place, under the hendiii};' As noted above, this agrees with 

iicliof tlio most authoritaliva! modern praolieennd faellitates interpolation, 
did not ap]iear worth while to extend the talmlution of the table beyond 
c radians, liecnuse hitfhi^i' values are seldom needed ; fmt In Table IV a few 
ry IukIi values of e are Kiveii, from which in case of need the liyper- 
lic fuuelioii.s can he found. 

In Table ll the natural values of the hyperbolic fmiollonsnre tutailiUed 
: the same nrtjumeiils as in Tatdc 1 . In some instaneeH the values are 
/oil to one or to two places of decimals more limn would bo obtained by 
ciiiK the inverse logaritliuis of tlic precediiit? table, 
ruble III gives sin w / siiiU /« and cos« -■ = cosh /« with tliclr logn- 
lulls to 5 declimd places, the argnment w being expressid in radians. 

0 tabulaliou extends from // : ':().<x)oo to o. 1000, and from « :• : o. 100 to 

00, because radiansj so llmt. this vtdue of y being 

'lie in mind, tlie table niTorils tlie moans of finding the sine or cosine of any 
expressed in rniliutiH. 

iKlependeiitly of hyperliolic fimotions, this lalde is often convenient. It 
) facilitates the coiuputatioii of the principul hyperbolic funetions of 
iplex variables. Tlius 

siuh (li /v) - - sinb n cos v U; f cosli u sin v, 

cosh (y/ :l: hi) ■ ■: COSll U COS V t sliili U sill I', 
to compute either of these functions it is only neeilful to take out two 
slated iogarlLliin.s from Table HI, two from Tidde I, make two nddiLioiis, 
look out two niitilognritlinis. It Is of course conceivable Ibat all the 
r quantities involved should be tabulated once for all ; but even if /( and 
Ivaiiced only by hnndredtli.s, such a table would occupy sck) pages, To 
from it functions corresponding to n and v expressed in tlioiisniultlis 
lid require three iiUerpolntlons—n process quUe ns laborious as the use 
lie tables hero given. 

pace which would otherwise be vacant Is iUi!i?.ed to give the angular 
tea of the radian arguments, or a table of couveusiou of rndiniis from 

xliii 
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0.0000 to o.iooo Eiml from o. lou to i .(' hh. inlo .Ur.m s, ininMtrs srru.uls, 

and hundiedtbs of n .second. , 

Table IV gives the valiic.s of log,,./'" . >' ‘1' ‘ "''■‘I pbo --; li>'m 

0.000 to -i.OfX) and from .i.ck) to TIu- valms nf and, ' .-nur 

into a vast mimher of equations representing nafm.il plirnninma, . ;pr, ially 
those (as Cournot remarked) which can heclasse.! nmlrr llu- lu neiu' ilmom- 
illation of phenomena of ahsorpthm or gra.liml extim lion. 'l‘lu- a-.rrnding 
and descending exponentials may be regarded a( will l itlu i as ii\ [..-i bulie 
functions or as independent components of hyperholie Inin liinis, siiit e 

f ' " : COSll U <: sillll // 

while, on the other hand, 

sinh u •--- — ; cosh // 

2 ' 


tanh u 


p .,. ; i:<' " 


■>. tan 




It is further evident that a table of is a labh- of nalnial antilngiiiithiim. 
formula c on page xU affords an easy means of ohtaiiiiiq; tin- nat lu al 
rlthni of a mtmlicr from the tabular values of c ' It i;; id cuni' huiuti - i- 
sary to give the derivative of since this is r', while the <lci ivalicc c ’• is 
— In general the interpolation or exlra)'nlalinn of iln- luin tiMii is 
veryeasy. (See formnlar, page xxxix). The logaiiihin of c i-.inii g,ivcn 
because, being merely the aritlimethad <-ompIcmcnl of the lug.,, , ii can 
be read olT as fast as it can be written down. 

In any table of log^ where the interval of u is «... ihc diliVii'in i- uf 
successive logarithms i.s constant and equal to *■» log^e or oi i-i". 

If the logarithm of is required, this will be 

(k - f «'«) log,., /■ log,,, (■" ■ I ln,-,„ e. 

Hence it is practicable to prepare an extended table of propm lional pails or 
a table of « log, ft which is applicable to any table of wlim iln- lab 

ulated values are mullipHcd by «». >Sneli an nnxiliaiy table is giv« n ,ii the 

close of Table IV, in which the argumont varies fi oni o.om. to . s s.m, l f 


It} is unity, this is merely a ."j-place table of log,, 


1 f. on t he otin-i ii and, 


0) is o.ooi, as ill the earlier jiart of Table IV, the auxiliary table give-, tin* 

increments coiTe.spomling to « to « places of deeimnls. Thim. if log.,,. 

is required. Table IV gives logiot"*"-"*'. MUMSi'iy.;, the nnxiliaiy table gives 

for” — n log, o r : 0.106.10; and since «* ■ n.niu, n log,.., e 

0.00010640, which added to log,„ gives log,„ e" o.icpyt-' l t. 1 m 

the latter portion of Table IV <« is only 0.01 ; so lhal. if the log.,.’ i‘i 

wanted, the main table gives logr‘"" : mid ... limes /! log c is 

0,0010640; .so that the required number is i.,VM‘M74. 
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When is required for u > r..oo ihu auxiliury Ulile is insunicieiit to 

give 7-pliice values. llieu the iiuiin lal)le, IV, may be u.sed as an aUKiliarv 
table. Thus 


log r r log -| - log ^.‘MWWir, 


4. » 1 55636. 


In the .second part of Table IV values of ^ '■« and tlie logai iLliius of /■'> are 
given, n varying from r to roo. The logurilhiiis are given to it, deeimal.s ; 
the other functions to 9 .signilieant ngures. Such high values are seldoiii 
needed, hut ate included here lest tlie.se tables iniglit .some limes fiiil tlie 
computer. 

Table V gives the imtiiral logarUIims of mitiiber.s from 1 to 1000 with 
their derivatives to 5 places of decimals. Tliese dcrivalives are merely the 

rccijiracnlM (.t tliu m'KUiuaitH, m„l siiu-o n,,, 

of the dorivative.s are the tnlmhiled loguritliins taken negatively The 
table thus gives, in addition to the logarithms of HH.owliole mimiiers, the 
logiuitlims of Kioo pvo])er fractions lying lictweeii o.(k>i and unity, 

The interpolation of natural logarithms is much Ic.ss .simple than I.s that 
of common logarithms, and this is the main reason why the latter are pre- 
ferred for computation. A few simple ntlc.s, however, faeilitnle Die needful 
calculations. When the natural logarithm of a vulgar fraction In rciiuired 
It IS ])e.st to look out the logaiithm of both numcnilor nnd <lenominatornn(l 
militract. If the natural logarithm is nMiuircil of a fractional iinniher stiUed 
( ccimnlly and le.ss than 21 . (hk), no ntlempt .should he made to inliu p.date it 
duectly, beoau.se the third dilUrrciiccs of the table cannot la* nepledcd for 
numliers sti near the beginning of the table. If the immlicr lies lietweeii 
10,000 mid 21.000. a.s, for example, 12.3.15. it .should be written i:n..i 5/io 
and the roqnireil logarithm will be iiat log 123.45 -"iial log 10. ,U is safe to 
interpolate the first of these between imt h»g 123 and nal log raa, usiiu^ the 
formula for second difTerences. Tf the number whose logarithm is tt) he 
found hes hetwemi i and 10, ns. for example, H.246H, it .should lie wiitlen 

824.68/100, so that the required quanllly is nut log 824,68 mit log 100 

Ihe first of tlie.so logarithms can be found by u.siiig only the mean’ first 
chn:erence.s or the tabulated derivalivcH between the logarithm.s of 82,1 and 
825. 1 -or value.s of Hie argument between 21 and 15H inlerpohition requires 
the use of .second dilTerenees, while above 158 average first din'ermin's or 
he first derivative IS sufiieiently accurate, inasmuch as the error involved is 
le.ss than half a unit in the fifth decimal place. 

It would be po.s, Slide to interpolate the negative loganLlims of tlio .smaller 
fractions given by the derivatives -that is, from the reciprocal of 159 on to 
the end of he taldo, or for mimber.s between 0,0062a and ().o()j(K>.dnit this 

311 . s i-ceiprocals are Ihem.selve.s rounded 

V ICS. If the natural logantlim of 0.0068352 Is wanted ii.s accuniiely as 
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the tables will give it, it is best to find the lognnthn, ot on,.;;.: ;u,,Un sub- 
tract from it the logarithm of too, otio. (.See also oiiiui .1 ( , |ui,i 

The use of second differences may be avoideci altogellie. il !»■ < " "I'l t. 
chooses, for any number not lying between .sS and ,,.«»> may be mnl.,, „ d 
and divided by another number winch will brn.g the mnneraln, wnhu, 
these limits. Tlum, it, as before, nat log is ,,a|Mired, llns number 

maybewritlen24f, 90/20, and the natural Ingarilhinof I he uuine.abu Inuud 
by help of the derivative, less nat log 20, is the reiiiiued value. 

The awkwardness of a tabic of natural logarithms is inhfiviil and .imnot 

be overcome by any device. It depends on tin. faet llml f .ind llu- has- of 

numeration, the number 10, are incommensitrablo qttaiUilu.-s. 11 mn numm- 

ation were duodecimal, ns it might have lieeii had .six lingers to a liand l.n n 
the rule iii.stead of the exception, 12 would also have larn the most fonvcnu-iit 
base for a table of logarithms. A great table <d iialtind lo)-.n ilbiir., sm-h as 
Barlow’s 8-place table of all numbers from i to io,»hii>, is only a litih- moie 
convenient than that here offered, and with it, loo. il is ex|m.IioiU to niidliply 
any small number by a factor such that the imidiirt iipproaelu's h..ni.ii, 
Table VI gives the values of the giidermauiiimi of i< to ’/ pla.fs I’niin 

« = 0.000 to «“3. 000 and from ■ .1.00 to « • 6. on. lit this lablo is 

expressed in radians, and btith in radians and in angular mvasiiir. hot 
theoretical work the gudernmnniau in riidlanH is usimlly tlie moiv ronvi-uiriil, 
but for use in finding hyi>crbolic functions it must lie rediua/it to an aup.lo. 

The giulennaiiiiiaii, w, is connected with llie I'unrtloiis by 

the following well-known rehulons: 


sinli It iixix gd u ; cosli w see.i’f/ u : tanli n 
ttinli --j — tnn ^ i * 


sill ('(/ u 


Thus Table VI, with the help of a 7-i>lacc lidde of logurilhms of tlu' cir- 
cular functions, gives 7-place values of the hyperbolic funclion.s, 

The derivative of gd it is seoh n, and ouu be used inde|iimdciitly of ihu 
gudcrmaiinian. 

Table VII is substaiitinlly a revegsioii of Talile Vf, ami givi's tin* aiili- 
gudennaiiniaii in termsof the guderinamiiun, bolli, bowever, In in)' expressed 
in miiuites and decimals of a niiiuUe. Jf/// is llie imligmlei inannlau ex- 
pressed ill minutes and n the .same fuiiclion expressed in radiaiei, 

in ™ 3437-7468 « 3437-7*168 l«K<i t«»> ( j ' I ' i gd n ) . 

Table VII is a table of m, mid if w is muUiplied by 0.000 .ojoS 1 llie 

product isw in radians. This table Is known to navigabus as a table of 
Meridional Parts for a Spherical Glolie, It is freiiuenlly of use in the ilis- 
cussiou of physical q(ie.stlons and is tlic very foumlalioiv of navigation wiili 
Mercator charts. In the more modem work.s on imvigathm, however, tlie 
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ellipLicily of Iho meridian is iill<)\vc<l for in conipuLiiij^ tables of nieridioiial 
parts, and coiiseipaaitly this ta!)le will probably never be repiotliu'inl in a 
navijpilor, b'or this reasim it is here preserved for coimnitors who iire not 
eiij^aped in navlualion. 

To test this lal)le, which is borrowed from Iniimn, 200 of the values, or 
one in every 27 entries, were compared with Oiidermann's 7 deeiiual place 
table of the antii^iulermannlan in radian measure. Tn nearly all cases Itimaii’s 
last ny,tire was oonfirmeil, hut in a few instances the last iigure is incorrect 
by a unit, Impilry into Ihese cases showed that the nuixhuniii error deteeled 
WHS less tliaii o.oub of a minute. Tims the lust figure is not nhsolutely trust- 
worthy, Imt is near enouj^h to enalde the eoniputer to interpolate aceiirately 
to I) places, rf 7 [daces of the anti[;'iuleriuaimiaii are re([iiire(l, they can he 
found by iiiver.se interpolation in Table VI. 

The earlier part of Ttdde VII may be lnter[K)hitcd by first differences with- 
out considerul)lo error. At about (»ue-eiKhlh of the seeoiul diflereiice 

1)eG{)nics ajiproxiniatLdy half i\ unit in the last talnilatod place, and beyond 
this [loiiit second differouccs .should l)e taken into account. 

Table VITI i.s a table for converting rAdhiu.s into nugular inca.surc and 
via' Verm, A fe^v muucricrtl con.slaiit.4 are appended. 



historical note. 


The first aud most important application of the functions now known os 
hyperbolic was made by Gerhard Mercator (Kremer) when he issued Ins 
!,on on <‘Metcator'.s projection,” in .569, or, as some say, m 1550, while 
Lwditch gives the date as ,566, To thus day .substantially all of the deep- 
sea navigation of the world is carried on by the help of this projection 
vhieh has been modified only to the extent of eorrec mg he niendlonal 
Its " for the elliptielty of the meridian. Mereator's prablem was to find 
rprojection on which the loxodronie should be a straight line. 1 he solu- 
tion is nnigue, and for a spherical globe is X =sd ~ where X is the latitude, 

the "meridional part,” or the ordinate on the projection of a point in 
latitude X, and » is the radius of the sphere. Of course, this relat.on gives 

in 


^ = log, tan (^+-7) 


and this Mercator must have Inbnlated. He published his map without 
explanation, however, and it was left to Edward Wright m i.,9=, to state 

Tim “iletiml ’inventor of the hyperbolic trigonometry," says Professor 
MoMahou " was Vincenzo Riccati, S. J. (Opusciila ad res I hys. et Math, 
pertinens, Bononiae, 1757 ). He adopted the notation Sh. ^. CA. </., for the 



change circular and hyperbolic functions by the use of ,/ — i, and gave 
the analogue of de Moivre’s theorem, the work resting more on analogy, 
however, than on clear ilcruution (Rettex. .sur les qiiiint. iinag Mused 
Turin Soc., Tom. i). Johann Heinrich Ramhert systematized the sul.ject 
and gave the serial developments and the exponential cxpre.ssioiis. lie 
adopted the notation siuh «, etc., and introduced the traiuscei.dent angle, 
now called the gndermaimian, using it in computation and in the construe- 

tion of tables’.*' nr 

C. Giidermann published ati important memoir on Potential or Cyclic- 

hyperbolic fnuctions in IS3o^ fol lowed by extended tables. In recogm - 
1 Tames McMiihoii, Hyperbolic Functions, p. 71. 

^Crelle’s Journal, vols. 6 , 7, «, and 9. 'fbese memoira were afterwards repimlal 
separate volutue. xlviil 
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lion of his ooiiliilnitions lo the subject, Ciiyl<*y, in iSoa,' proposisl llic 
inline pnilcnnanniim'"' for tlie uuf^lc wliii'li Isimhtnl cnllcil Irauseendi'iil, 
and which had been variously tlcsiiifnaled by tithers. Anioii).’; nlhcr monr 
recent works on liyperbolic functions art? Sicuiuund (liinther's Ta'hre 
von den Ilyperheirimclioiien, iHKi, and Mr. Jiinic.s McMalum’s Tlyper- 
liolie h'uin'tions, <ilh lalllion, njob. 

'I'lie ili'sL lary;e table of byjierbolic funclious wo have met with is beKen- 


dre‘’s table of loj*’ tan 




to 12 <lcciniaK 


Tlie iirf'innent advances 


by increinents of minutes, but five dirferences are tidnihited to facilitate 
interpolation.'' (lUdermann in pulilisbed a table of the same fiinc,' 
tion, usiii);' (‘ciitesiinal dct^rei'S ami ndvaneintf by hundredtlis of a deytree 
(i> 'o'de '''I) to entire <|uadnint, the function Indniv }>'iveii to seven 

decimal places. 'Plus was later .supplemented by a table advanciii)’ by hmi- 
tiredllis of a detfree from H.S" (o ioo‘*, the function beiiij.^ );iven to eleven 
decimal iilaces. {ludermaiiii also jpive a p-plncc tuldu of lojf cosh k , lo}? 
slnli //, and lotf (anh t/, from n u.ooo to v ■ 5.(Kt(), and a lo-pluee 
talile of ibu same fnnelions from u ■■ 5.00 lo u ■ i.i.rKi. 

In iHCni 'A, K. W. (ironnid published a .s-plaee table of hyperholic fiinc- 
tions, the arydunent lielnj* the tdidernmnnian // in Hexay;esimnl deb^rec.s 
and minutes, lie talmlated to Ibis art;uineiit lorjeoslw/, loj«' .siidi //, and the 

Hrii^K.s lotfai'ithin of ^ ^ d- instead of tlie imliind loitarilhins of this 

funelion. following therein a .stufj^eslion id bambert. 

In i«<;o \V. IdKO'vski issued his 'Pafelii <ler Ilyperlielfnnctionen und dor 
Krei.'ifnnetioneii, wUieh is admirably accurate and nmeli tlie most useful 
culIeeLion of tallies of the hyperliollo fimelions liitlierlo printed. He filled 
tlie gap left by ('ludermanu l>y eompuliiiK lof*- sinli //, lo).',' eosb /b and loj;’ 
tunli u from u o.ooo to ^.dod. 'I'liese he j'ives to only 5 jilaeiis, but in 
addition he labnlales .j'd u in di‘Ki''‘<'s, minutes, seconds, and deeinials of a 
second. 'I’liese values are in all eases .suHi<‘ienUy aeenraU- lo mialile llie com- 
pnler to take out from an onlinury table of hijpiriLlims y-plaee values of the 
loKiirithmsof cosh //, sinb //, and tunli //. The uvKunieiil raiiy.es from (i.oou 
Lo ij.noo and fnmi jmki to b.oo for .1,0/ //, while loj.f eosb // and lo),;- .Midi n are 
carried mi to // ^ p.oi». Id^owski also j«ives the nalund fnnetions cosh w, 

siiih //, cos H, and .sin ti to b decimuks for values of u in radians from o.oo lo 
a. 0(1, the cosh u and sinh // bciiiK cunUmied to u ■ .M.no. 'I'lie only fault 
we i.'an Pmd witli Idtpm'.ski’s tables is that the increments of the ui>!;nim)nt 
are soinetimes inconveniently hirne. 


‘ Plill, MiifOi v(»l. a.|, p. 19. 

’I'lmM Hpelli'd in tlayUty'n paper. 

“ ICxoii’fHi’s lie C'al, lal., voJ, 3, iJbfi. 

‘ Nom-fiU! .Sdu'ifUin tier Nntnrforachui'<Ociic 1 liidiafl ia Daiizl}.;, vul. G, uHfia, 
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IIISTOKlCAr, NOTK. 


In 1883 F. W. Newman puhlishcd a 12-pIace table' of the ile.-ieenitins'. ex- 
ponential from 0.000 to w 

tioii advancing by two-thoiniaiulths from i.s.350 to 17.29S ami l.y live tlu.n- 
sandlhs from 17.298 to 27.635. In the .same volume appeared Mr. J. W, F. 
Glaisher’s tables of the ascending and descending exponential In nine sig- 
nificant figures, with lo-place logaritlim.s. The argument advaiuvs by nne- 
thousandtli to o.i; by one-hundredth to 2.00; by one Lentil to in, ninl by 11 
single unit to 500. 

Mr. A. Forti’s Nnove Tavole dellc Fiiu/ioni Iperboliehe were puli 
lished in 1892. The hyperbolic sines, co.siues, and langeiils, lojp-tber 
with their logarithms, are given to six deciinals from o.ounn In 
from 0.200 to 2.000, and fi'om 2.00 to 8.ao. Fre(|uent errot.s, liowever, of 
one. two. and three units in the last deeitnal place practically limit tbc.se 
tables to five places. The giidermannian is tabulate<l in degn’es, ininulc.s, 
seconds, and tenths of a second, and the logariliiins of the nrgumcnlM are 
given to seven places. 

In the volume here pre.seiited the first tliousand value.s of big siiih //, log 
co.sh n, and log tanh 7 i have been computed; the remaiiiinj-' Vidue.s imvc been 
taken from the table.s of Gudcnmuin or lagow.ski. Tbu value.s of the mil- 
ural hyperbolic sines and cosine.s for values of the arguimmt • n, 1 and (d‘ 
the tangents for argumenls > 2.0 have been compnleil; tlie remaining' values 
have been taken from tlie tables of Forli and ffigowskl. A. rcismipiit Ul<m 
of a great number of the borrowed values was made in onler to oldiiiii tliu 
required accuracy. Tlicvaluesof coth it and logcoth 11 liavc been <'iimpnU,Ml. 

In Table III the sine-sniid cosines were obtained by inlcrpolatiou from 
the 7-place values of natural .sines and cosines given in Iliilsse's Vcg,a, 
where the argument is cxpie.s.sed in angle. The logarillims of llic sines and 
cosine.s and the angular equivalents of the argumenls have liccn compnlctl. 

In Table IV the values of are nil taken from Newman', s gn-at 
table. Tho.se of from o.o(X) to 0.100 and from t to joo are from 
Ghiisher’s table. The rcmnin<ler wc computed, (dmcking llie rcsulls by 
Glaisher’s table or by reciprocating. It should he noted tlml tin? y place 
table of t’" given in Hiils.se’s edition of Voga is inaccuraU? and really 
amounts to no more than a 5 place tid)lc. The logarithms of c" were com- 
puted independently of the values of <?". 

Tables V and VIII arc borrowed. 

The values of j>d n in Table VI in terms of angle are taken frtmi Tdgow- 
ski, excepting the thousand values lietweon « '- ■ 2.<KXMmd 3,000. These 
were interpolated from Ugow.ski’.s values (a. 00 to 3.00) with due c:hc(?ks on 
his accuracy. In preparing tlie table of gd u in radians it was necessary for 
us to make an indepeudent computation of this function from i< ■ 0,300 to 

7^ = 3.000 in order to secure accuracy in the seventli significant figure. 
The remaining values were derived from Idgowski by converting atigle.s 

* Cambridge Phil. Soc., Trans,, vol. 13, 1.SR3. 
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inlo nuliiiiiM. A cnnsiclerablL' iiumhcr of his values, howeviM', weic li;sU'(l 
l)y iiKU’piatdtMU I'onumlutian. 

'I'liblc VII is horrowtsl from tlm Naiilifal tnblos of James Inman, nieiscrd 
by James W. riiman, r.omhm, iHf.;, willi u few snuill eonoolions. 

I'iimlly, it may be reinarkeil that the derivatives as j^ivim in Llu.'se tidiles 
have been eomimted for Iheiii. They are not derived frtmi the diflereimL'S 
of tlie values ns pi'intecl, but from more extended values, or are coin])Ule(l 
iadepemlenlly, and the. error of the derivatives as well na of tlie fmicLums is 
h.'ss than <iiu'-half of a unit in tlie next sneceeiHiij*; decimal jilaee, 

These tallies were pn-pared in eomieethin with the KW)physicnl work nf 
llu! United Slali;s (icoloj-'ical Survey, and are puhlishetl with the permission 
of tile I lireetor. 

Gkimuju V. Jbct:ici-;u. 

C. I*’. Van OusTKANi). 

\Va,siiin(1'i'on, 1). Q. , ymmati)', 7j>o.V. 
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0.5 

• 01717 

• ■IS'' 


-l«.l 

•45.5(1/ 

40,0 

• OS-HM 

0..; 

.o-l/oS 

• •IS'J 

..loS-hS 

•l^l 

•455.F> 

40.O 

-05.101 

0.-1 

.oi6[)i) 

I ..jOO 

iHd;) 


0.4.5.5K5 

4‘).0 

0.‘).S.lll 

0.-1 

0,0,168; 

..lOl 

• ,1"'»IS 


.4.5<M.| 

4O.0 

.0.5.1-'o 

0,1 

.o,|(iS() 




• 4.5<>f'4 

4').o 

.0.5.140 

O.-l 

.O.lfl/O 

• •I'M 

• .Il'MI 

■\K> 

.4.570.! 

4‘).o 

.<).5.1.4() 

0..1 

.0,1(161 

••I'*! 

..ilil'A* 


.4.57-1 1 

40.0 

.0.5.M» 

0,4 

.a|()5J 

1 ..I'l.S 

>k;u i.iH 

•|H..< 

0.. 1.5/110 

4'l.o 

0.‘).5.1.5H 

0.4 

0.0.|6,|2 

. .1(1(1 

.;n IM(| 


.45«i'» 

4' 1.0 

.0.5.467 

0.4 

.01644 

.,|(i/ 

• ,U-MS 

■\Ki 

..1.5»5» 

.10.0 

.<».5.476 

0.4 

.0,l6J.l 




.4.5«')/ 

.40.1 

.<).5.1«5 

o.-i 

.(M615 



■\K\ 

..1.5')47 

.V).I 

•05.405 

0..! 

.0,1605 

l.,lVo 

‘(•.U.I/<> 

•lK\ 

0.4.5')/<^i 

40.1 

O.OSlO-i 

0.:l 

o,o.15(j6 

.•IXI 

..li.I.fH 


.4l'oi.5 

40.1 

.0511.1 

0.:l 

.6.1.587 



.\K\ 

..!< 10.51 

40.1 

.0.5.M.J 

0..! 

.6.1578 


..U5-M 


..Fioo.i 

.4').! 

.0.514! 

0.ii 

• Ol.SlK) 

•■I/I 



..If’l.M 

40.1 

•0.51-11 

0.1 

.6,1550 



• iH..! 

O..Vil/( 

4<). 1 

0-0.5.1.50 

O.T 

0.0,15.50 

• •I/'* 

..Ilf''") 


.4<MI0 

.4‘),l 

•*».51.50 

0,1 

.015.11 

■1// 

..U/l/ 

• IH..! 

..if'-'l') 

.4'».1 

.05161^ 

0.1 

.0154.1 


• .U/f'S 



.4'>.l 

.05177 

o.l 

.(i.|5-’4 




.4IM.!» 

.40.1 

-0.5. |H6 

(J.0 

.o.lSi‘1 

1 



o.4''.l''/ 


0-0.5.l(>5 

0.0 

0.0,1505 

.,|•Sl 

..U'O'I 


..Fi|o() 

.40.-1 

.0.5.501 

0.0 

.o.|.io(i 


..bo.sK 



40..5 

.'1.55 14 

0.0 

.0,1.187 

..|fM 


.1«.i 


4'».~* 

.05.5-*.! 

0.0 

.0,1,178 

..i«| 


.|H.l 

■ 4<'5.!4 

30.-' 

.05.541 

0,0 

.o,|,i(i!) 



■l».l 

o..lfi.5<i4 

40..! 

.«».5,5-10 

H.0 

• onfio 

.-l.'W 

..Ml, SI 

.l».i 


40..} 

.0.5.51(1 

K.ij 

.o.MSi 

.-|H/ 

..MI')') 

.|».l 

.4'>'Mi 

4').-! 

.0.555*'^ 

«,0 

.01.1,1.1 

.,|MH 

..i.Mt/ 

.lM.l 


40.-! 

.05.567 

H,0 

• o.|.i44 


..M'lfW 

4».l 

.41710 

4 ').-’ 

.055/6 

H,0 

.O-l.M.I 



.1K.I 

o..lf75(» 

4(N-! 

O.OS.S''^! 


o.o.i.|i6 

..(01 

..M.MI 


.4o/‘;H 

4*)..5 

.'15.5'14 

H,.S 

.0,1.107 

..I'M 


.|«.l 


.40..! 

.O.5IHM 

H.H 

.01408 


..MIH/ 

4H,o 

..FhS/O 

40.4 

.0.5611 

H,H 

.0.1480 

.•Wl 




40.4 

,0,56-’O 

H.H 

.0.1480 



•iH,0 

o..Vi()S5 

.4(),4 

().(J.56jH 

8.H 

0.0-1.47-1 


..M'MI 


.a'liJOl 

40..1 

.0.5647 

8.7 

.01464 

-I'J/ 

..bH'/') 

.|M,n 

.470.14 

.40.4 

.0.56.|(» 

8.7 

.0,145.1 

.,WM 

..U7'7 


.47074 

4‘).4 

.0.565.5 

8.7 

.0,1415 

‘■V/i 

..M//5 

.|H,o 

.47«iJ 

40.4 

•OS^'f'.l 

8,7 

•0.1447 

1 . S(K 1 


.|.S,o 

0.47151 

30.4 

0.'0.5li7-’ 

8.7 

0.0.1328 

11 

lou Inn U'l ii 

w F,,' 

log sea oil 11 

« F«' 

loo sin (Id u 

« Fi/ 

loo oso odu 
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Logarithms of Hyperbolic Functions, 


log sinh u 

.0 Fo' 

log cosh u 

.wFd' 

log tanh u 

u Fo' 

log 00th u 

Q. 32823 

48,0 

0.37151 

39.3 

9.95672 

8,7 

0.04328 

.32871 

48,0 

.37191 

39,3 

.95681 

8.7 

.04319 

.32919 

48,0 


39,3 

' .95689 

8,6 

.04311 

.32967 

48,0 


39.3 

.95698 

8,6 

.04302 

.33015 

47,9 


39.3 

.95707 

8,6 

.04293 

0.33063 

47,9 

0.37348 

39,3 

9.95715 

8,6 

0.04285 

.33111 

47,9 

.37387 

39.4 

•95724 

8,6 

.04276 

.33159 

47,9 

.37427 

39.4 

•95732 

8,5 

.042()i: 

.33207 

47.9 

.37466 

394 

•95741 

8,5 

•04259 

.33255 

47.9 

.37505 

39.4 

•95749 

8,5 

.04251 

0.33303 

47,9 

0.37545 

39.4 

9.95758 

8,5 

0.04242 

.33350 

47.9 

.37584 

39,4 

.95766 

8.5 

.04234 

■33398 

47.9 

.37624 

394 

.95775 

8,5 

.04225 

.33446 

474 ) 

•37663 

39.4 

.95783 

84 

.04217 

.33494 

47.8 

.37702 

39,4 

.95792 

8.4 

.04208 

0.33542 

47.8 

0.37742 

39,4 

9.95800 

8.4 

0.04200 

.33590 

47,8 

.37781 

39.4 

.95808 

8.4 

■04193 

.33638 

47.8 

. 3782 r 

394 

.95817 

8.4 

8.4 

■04183 

.3368s 

47.8 

.37860 

39.4 

.95825 

■ 0.1175 

.33733 

47.8 

•37900 

3 ft 5 

.95834 

8.3 

.04166 

0.33781 

47.8 

0.37939 

39.5 

9.95842 

8.3 

0.04158 

.33829 

47,8 

•37979 

39.5 

•95850 

8.3 

.04150 

•33877 

47.8 

.38018 

39.5 

. .95859 

8.3 

.04141 

.33924 

47,8 

.38057 

39.5 

.95867 

8.3 

•04133 

.33972 

47.8 

•38097 

39.5 

•9587s 

8,3 

.04125 

0.34020 

47.7 

0.38136 

39.5 

9.95883 

8,2 

0.04117 

.34068 

47.7 

.38176 

39.5 

•95892 

8.2 

.04108 

. 34«15 

47.7 

. 3821'5 

39.5 

•95900 

8,2 

.04100 

■34163 

47.7 

.38255 

39.5 

.95908 

8,2 

.04092 

.34211 

47.7 

.38295 

39.5 

.95916 

8,2 

.0408^1 

0,34258 

47.7 

0.38334 

39.5 

9.95924 

8,2 

0.04076 

.34306 

47.7 

.38374 

39.5 

•95933 

8.r 

.aio 67 

.34354 

47.7 

.38413 

39.6 

•95941 

8.1 

.04059 

.34402 

47.7 

.38453 

39.6 

. 959-19 

8,1 

.04051 

.34449 

47.7 

.38492 

39.6 

•95957 

S.I 

.04043 

0.34497 

47.7 

0.38532 

39,6 

9.95965 

8.1 

0.0403s 

.34545 

47,6 

.38571 

39.6 

•95073 

8,1 

.04027 

.34592 

47,6 

.38611 

39.6 

.95981 

8,0 

.04019 

•34640 

.346S7 

47.6 

47.6 

.38651 

.38690 

39,6 

39,6 

.95989 

.95997 

8,0 

8,0 

.04011 

.04003 

0.34735 

47,6 

0.38730 

39.6 

9.9600s 

8.0 

0.03995 

.34783 

47,6 

.38769 

39,6 

.96013 

8.0 

.ninSv 

•34830 
• 3-4878 
•34925 

47.6 

47.6 

47.6 

.38^ 

.38849 

.38888 

39.6 

39.6 
39,6 

.96021 

.96029 

.96037 

8,0 

8,0 

7,9 


0 . 3.1973 

.35021 

.35068 

.35116 

.35163 

47,6 

47.6 

47.6 

47.5 

47.5 

0.38928 ■ 
.3^68 
.39007 
.39047 
.35087 

39.6 

39.7 
39.7 
39.7 
39.7 

9.9604s 

.96053 

.96061 

.96069 

.tK 5 o 77 

7.9 

7.9 

7.9 

7.9 

7.9 

0.03955 

•03947 

.03939 

.03931 

.03923 

0,35211 

47,5 

0,39126 

39,7 

9.96084 

7,8 

0.03916 


lODlanpdu oFo' looseogdu « F«' loasfnndu « 






















Logarithma of Hyperbolic Functions. 


u log sinli II 

• 551 , 35 -! 5 H 

• 55 '! . 355 f>t) 

•555 .55555 

. 55 .| .5S1(W 

1^555 ii- 55 . 1 -lJi 

■ 55 '' • 55 l'>!' 

•557 .55555 

■ 55 f^ . 555 'n 

• S 5 '.> ■ 55 '' 5 H 

• 5 ''i .55755 

• 5 <''! 557 ''<" 

• 5<‘5 55 !^-!^^ 

. 5 'i 5 . 55 ‘< 7 S 

i. 5 ^iS t‘. 55 'W 5 

. 5 <'(i . 55 'J 7 o 

.507 

.5'*') . 5 'in.} 

1.570 

. 57 ' . 5'>.!07 

.575 >,v*m 

-575 .50505 

.571 .50519 

1.57.5 O. 505 (Ki 

..570 ..tOM,| 

..577 . 50 |Ot 

.. 57 « .. 50 . 55 « 

.{i 7 ‘J . 50 .'iK .5 

1.. 5H0 O.5O65.1 

,581 ..I'lfiMi) 

.. 5 Hj .5O7..7 

..5H5 .5077.5 

..581 .508.2 J 

1. . 58. 5 O.50H/HJ 

..580 ..ifiOlO 

..587 ..lOf/»,| 

•588 .57011 

..SH-) ..570.58 

I.JiW 0.5710.5 

.,591 .571.55 

..505 .57.200 

..505 

..501 . 57 .^ 0 -l 

'•, 50.5 0 .. 17 , 11 I 

.SoO .57.188 

..507 .. 175 . 1.5 

.. 5 i >8 .57.18.' 

'SW -. 17.550 

t. 6 ()o n. .57,577 


Fu' log ooah 11 
A7.5 O..50IJ0 

.J7.5 .,50100 

87.5 .59.«><'> 

•17,5 .50.'.|5 

•17.5 ..5y.!8s 

47.5 o..505-*S 

.17, .5 ..5950.5 

47.5 ..191<»l 

47.5 ..501il 

47.5 ..5918 1 

47.1 o..50.5i!| 

47.4 ..5050.1 

•17,4 .aiXio.l 

47.4 ..50f'.|5 

.17.1 ..59«'.85 

• 17 ..I 0.507.1.! 

•t7..l .50/0-* 

47.1 .5'.8o.! 

47.. 1 .5‘>8|.i 

47.1 .ai/W,! 

•17,-1 «.5<.'').!i 

47.4 ..lO'K'i 

47.5 .4<«»»i 

•17.5 .4«H'H 

47.3 .-I'KiHi 

47.5 ()..|Oi_‘i 

*17.5 .40101 

47.5 ..10.1HI 

47.5 ..lo~*(o 

.t7.,1 ..10.-8:) 

47.. 5 O..I0.5JO 

47.5 .40.100 

47.. 1 ..lo|«>:* 

47.. 5 ..10410 

47.^ ..1048;) 

‘17.^ o.40.5.!o 

A7.-i ..lo.Mni 

47.^ ..lO.VF) 

47.a 

47,'! .-101*70 

47.V5 0.40710 

•17,-’ .407.50 

47.-' .•107(F> 

A7,A ..10.850 

47.a ..1 o87!> 

.(7,J o.40')io 

47.4 ..|O0.5») 

47.1 ..I'HFiO 

. 17,1 .41050 

47 i' .41079 

•17, 1 0..|TII<) 


log liinli u 

9.9 !*o 8| 

. i / mkj .' 

.(jOloo 

.(/iloS 

.yfmO 

9.</ii4.5 

.90151 

•oOi.io 

•0O147 

.‘/*IS 4 

.0O170 

.0177 

•</*i 85 

.0105 

.0jo8 

.0415 

•0^*445 

•0451 

1>. 04.58 
.00;!|0 
.04.55 
.0401 

O.047O 

.0<l485 

.9f*4()J 

.O0 j «)8 

.9O.I0.5 

0.0515 

.o05.iO 

•‘>‘*.547 

.0'*55S 

.90.144 

o.of'.no 

.9'*5S7 

.‘FM'ii 

.0.571 

.O'M?!! 

O.O-'i.iH'i 

.0400 

.0O107 

.0-115 

y.0l44 

.0449 

.01.50 

. 01(5 

.0150 

9.01.57 


Fi/ loD ootli II 

7,8 (),<», loKi 

7,8 .05(,'(h8 

7.8 .0.1000 

7.8 . 058 t;.‘ 

7.8 .0588.1 

7,8 0.05877 

7,7 .058()!> 

7.7 .058(11 

7.7 .0,1855 

7.7 .o,l8.|(i 

7.7 0.058,18 

7.7 .058.10 

7,7 .058.2.1 

7.0 .0.1815 

7.'» .05807 

7 ,() 0.0.58110 

7.0 . 057!).2 

7.0 .05785 

7.0 .05777 

7.5 . 057 '*!; 

7.5 0.0576J 

7.5 . 0 . 17 . 5.1 

7.5 . 057-17 

7 .. 5 .05759 

7,5 .05754 

7 . . 5 0.0.17a, I 

7.4 .05717 

7.4 .05709 

7.4 .05704 

7.4 .0509,5 

7.4 0.05OH7 

7,-1 .05O80 

7 ,-l .05075 

7.5 .0,50(15 

7 .. 1 .05(^58 

7.5 0.0,5651 

7.5 .o.i(i,i.l 

7.5 .(' 50 . 1 <» 

7.5 .05649 

7.5 .0,56-M 

7.4 0.0,161.1 

7.4 .05O07 

7.4 .0.1(100 

7.4 . 05.505 

7.4 .05.585 

7.4 0.0.1,578 

7.4 . 0,1571 

7.1 .0.1,5(14 

7.1 . 05 , 5,57 

7 >i .05.5.50 

7.1 0 . 0.1545 


Ingtnngilu w F/ iQpaeOffdu 
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Logarithms of Hyperbolic Kiinction:!. 



loo cosli II 
1 14) 

..|1 15«> 

..|i,Vh) 

.4i|<io 

..ji-lSo 

o..|isi;o 

..n.sfK) 

..|l().|4) 

0..I17JO 
.4 IN 1 1 

.4I««I 

0.414)41 

.4'4y>i 

.444KII 

.4.«)4-’ 

..|->(kS4 

o.4.nj4 

..l-'.'O.J 

.4.!4H4 

0.42.144 

•12.10.1 

.4440.1 

.44441 

•444H| 

<).44.S4( 

.42.SOI 

.44<il.1 

0.43745 

.44Jlofi 

.44H4f'> 

. 448 S 7 

o.4a4)J7 

..l..’l>'>7 

.4.1048 

. 4.1084 

0.4314!) 


loQ Inn Dll u w Po' log aoo pel 11 


■ F./ liiu laiili 11 

.|o,<) i).i)4>4.S7 

.•X'JO.I 

.‘/'I/O 
««' « .!)■' j.^1 • 

4). 4)0 j').l 

.<)' I;il 10 

.')!>.-, <17 

.i)'i51 I 
.<)O.S.!l 

').4)0.^.;8 
.4;05.i.t 

.iK'.SJH 

4).4)f'.iO.! 

, !)(>••, O') 
.'/».‘iN,l 

«.). 4)0.54)7 

.4)4l(«t.l 
.4)(tlliO 
.4)4lflI7 
.4yiO.;4 

.|0,4 4).4)<Vi.lO 

.4X4‘M7 
.4)1 •'•I I 
.4)frf»5l 

. 4 /A 17 

40 . . 4 ().I)(V»()| 

.4);i(i7i 
.ij4i<>77 
.ijfiJi.'l I 
, 4)1 )< 14)1 

|o,j 4)..);rfw)7 

PM .4)(»7o| 

. 4 X 1710 

. 4 X 4717 

.«Xi724 

10.. 1 1).«)''7.10 

•007,17 

•‘X<71.1 

.4X*7,5i) 

.i/i/.SO 

|0.3 y.')07i'.l 

.'X'/f") 
.'.)‘*770 

.4>07H,! 

.iX'i/.NM 

IO..I 4),4Xi7'),5 

V 1 loo iln Qil u 


li'll d'llll 11 

‘'.".l.'i 1.1 
•‘M.i.I.'i 

.".t.SI-l 

ii,n,i;;o7 

.'Mio.l 
, 0,1 iSo 
.‘',1 17‘) 

11.0,1 17-: 

. 0 . 1 10 ,'; 

■ 0 . 1 1 , '-I 


0,11,1 i.i8 
.".M.U 
o'.M-M 
.0,1 M7 

.iM in» 

"•".M'M 

.",U')7 

.4',U8,l 

■ <M,l7f' 
".".1,17" 

.‘M.VI') 

• 'M.ll.l 

.'M.M') 

• 'M.lifi 

1,1 

.". 1 --M ,1 

.o,l.:7fi 

o.o.l.r/o 

• o,l.;o.i 

• 4M-‘;i7 

.0,1.) 14 

')-4',l.M7 

■ ‘M-MI 
.4M.!21 

. 0 . 1.118 

.0.1.!! J 

4t.((.U'05 

lou cun Oil II 





Lognrithmfl of Hyperbolic Functions, 


loa uitili ti 

..{'j'jyo 

..[OdlX 

..|UI Id 

d..|<n,y 

..ld.!d.| 

..ld.i>;i 


I d..|d.V)i 

.frfii ..ld|,tx 

.(id.! I 

.dfi.l ..|d5>7 

.(i(i(i ..lOdyi 

.(Idy 

,(i(jH ..i(7d,( 

..IdSll 

I I, (70 d.-ldM.^iX 

.(71 ..itidiM 

.dy.i .,|idi.| 

r./iX.'i d..|i()<x» 

M-/U 

. .,|i.!,td 

.<iHj ..p.iyd 

.(iHi .-[l.Sdij 

.(>Si» .,il(iii,} 

.,11(1, Id 

,(iMS 

.. 117 ^ 1 ,! 

()..ll7S!’i 

.<K]| ..ilH.ifl 

.("M ..|I‘> 7-1 

.diXi .,i-’i»f >7 

.(n)7 ..I.!! 1,1 

Mii) ..|J .!()7 

1.700 o.,|a.?5.i 

u Inu tnn gil u 




lua cosh u 
o..|.iu>o 
..|JJo;) 

-Ki-ipo 

o.. 133.10 

.-13.71 

..|3in 

.•i3I.Si 

.•I34P-J 
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Logarithms of Ilypcrbolii: I'linclioiui. 


II 


1 .700 
.701 
.702 
. 7«3 
.704 

1-70S 

.70(1 

.707 

.708 

■ 70D 

1.710 

.711 

.7ii5 

• 713 
.714 

1.715 

.716 

■717 

.71H 

■ 719 

1.720 

.721 

.722 

•723 

.724 

T.725 

.726 

, .727 
.728 

• 72 y 

1,7.30 

.731 

.732 

■ 733 

■ 734 

1.7.35 

. 73 <i 

.737 

■ 738 

■ 739 

1.740 

,741 

.742 

.743 

• 7.14 

1.745 

.y.iC) 

.747 

.748 

.740 

1.7.50 


loa alnh u 

0.42253 

. 4221)9 

.42346 

.42392 

.424.39 

0.4248s 

.42.531 

.42.578 

. 42()24 

.42671 

0.42717 

.42763 

.42K10 

.42856 

.42902 

0.42949 

.42995 

.4.3041 

.4.1088 

.. 131.31 

0.43 I Ho 
.43227 

• 4.3273 
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.(XKH)3 
.0(KH),< 

I .<XHHM 

.<MXIO.t 
.IKXK>.| 

.OlXK).| 
.<HXU>.| 
.n(XM>.| 
.<KK»0,| 

I .JXXXJ.I 

.(XMX).| 

.n(XH).| 

.(XMX>.t 

.<XK)0.| 

10,0 I.<XXX)S 
.4XKX)5 
.(xxx >5 
.(HXX)5 
.<MXX)5 


(),l 

0 .(HX)(X> 

.(xiOlo 

.(Ki;i.ro 

.IMXl.lO 

.(xx>.|o 

0.1 

(i.(x>;)5o 

.(K|(XK> 

.(X>:7o 

.(KlOSo 

.(XXmXI 

0.1 

(».(X)7<x) 

.(X710 

.<M) 7.'0 

.(H17.VI 

.(K) 7 .J 0 

0,1 


01, 

.oo 7 «x> 

<>.(X)SlH) 

.<K)SlO 

.oixS-’o 

.‘(hkS.jo 

.<XXS .|0 

0,1 

0.00850 

.(HhSfHI 

.<10870 

.(KXSSo 

.<K)S;x» 

0,1 

<).(XKXX) 

.(XXilO 

.<NIC) 3 () 

.(iixMo 

0,1 

o.o<x)5o 

.(XMjliO 

.(KK).S() 

.ooi/j() 

0,1 

0,01000 

M Fu' 

sin Dll u 
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Natural Hyperbolic Functions. 



8inh u 

« Fo' 

coafi u 


tanh u 

■Q 

coth u 

e* Fo' 

O.OTSO 

0.01500 

10,0 

i.ooon 

^^9 

0.01500 

10,0 

66.672 

444 i 4 

.0151 

.01510 


.00011 


.01510 


66.230 

438,5 

.0152 

.01520 


.00012 


.01520 


65.795 

432,8 

.0153 

.01530 


.00012 


.01530 


65.365 

427,2 

.0154 

.01540 


.00012 


.01540 


64.940 

421,6 

0.015s 

O.OIS.SO 

10,0 

1. 00012 

0,2 

0.01550 

10,0 

64.521 

416,3 

.0156 

.01560 


.00012 


.01560 


64. 108 

410,9 

.0157 

.01570 


.00012 


.01570 


63.699 

405,7 

.0158 

.01580 


.00012 


.01580 


63.296 

400,5 

.0159 

.01590 


.00013 


.01590 


62.898 

395,5 

0.0160 

0.01600 

10,0 

1.00013 

0,2 

0.01600 

to,o 

62,505 

.^00,6 

.0161 

.01610 


.00013 


.01610 


62,117 

385,8 

.0162 

.QI620 


.00013 


.01620 


61.734 

381,0 

.0163 

.01630 


.00013 


.01630 


61. 35.5 

376.3 

.0164 

.01640 


.00013 


.01640 


60,981 

371.8 

0.0165 

0.01630 

10,0 

I. 000 14 

0,2 

0.01650 

10,0 

60.612 

367,3 

.0166 

.01660 


.00014 


.01660 


60,247 

362,9 

.0167 

.01670 


.00014 


.01670 


59 . 88(3 

358,5 

.01^ 

.01(^0 


.00014 


.01680 


59.329 

3 S 4 i 3 

.0169 

,oi6go 


.00014 


.01690 


59.177 

350,1 

0.6170 

0.01700 

10,0 

1. 00014 

0,2 

0.01700 

ro,o 

58.829 

346,0 

.0171 

.01710 


.00015 


.01710 


58.485 

342,0 

.0172 

.01720 


.00015 


.01720 


58.145 

338,0 

.0173 

.01730 


.00015 


.01730 


57.809 

334.1 

■ 0174 

.01740 


.00015 


.01740 


57.477 

330,3 

0.0175 

0.01750 

10,0 

1.00015 

0,2 

0.01750 

10,0 

57.149 

326,5 

.0170 

.01760 


.00015 


.01760 


56.824 

322,8 

.0177 

.01770 


.00016 


.01770 


56.503 

319,2 

.0178 

.01780 


.00016 


.01780 


56.185 

315,6 

.0179 

.01790 


.00016 


.01790 


55.872 

312,1 

0.0180 

0.01800 

10,0 

1.00016 

0.2 

0.01800 

10,0 

55 ■ 562 

308,6 

.0181 

.oiSro 


.00016 


■ • IfRI 


55.^55 

3OS.2 

.0182 

.01820 


.00017 




54.951 

301,9 

.0183 

.01830 


.00017 


H • 


54.651 

298,6 

.0184 

.01840 


.00017 


.01840 


54.354 

295,3 

0.0185 

0.01850 

10,0 

1.00017 

0,2 

0.01850 

10,0 

54.060 

292,2 

.oi85 

.01860 


.00017 


.01860 


53.770 

289,0 

.0187 

.01870 


.00017 


.01870 


53.482 

285,9 

.0183 

.01880 


.00018 


.01880 


53.198 

282,9 

.0189 

.01890 


.00018 


.01890 


53.916 

279,9 

0.0190 

0.01900 

10,0 

1.00018 

0,2 

0.01900 

10,0 

52.638 

277,0 

.0191 

.01910 


.00018 


.01910 


52^362' 

274,1 

.0192 

.01920 


.00018 


.01920 


52,090 

271,2 

.0193 

.01930 


.00019 


.01930 


51.820 

268,4 

.0194 

.01940 


,00019 


.01940 


51-553 

265,7 

0 .OI 9 S 

0.01950 

10,0 

I. 00019 

0,2 

0.01950 

10,0 

51.289 

263,0 

.0196 

.01960 


.00019 


.01960 


51.027 

260,3 

.0197 

.01970 


.00019 


-01970 


50.768 

257,6 

.0198 

.01980 


.00020 


.01980 


•50.512 

255,0 

.0199 

.01990 


,00020 


.01990 


50.258 

252,5 

0.0200 

0.02000 

10,0 

1,00020 

0,2 

0.02000 

I<^0 

50.007 

250,0 

u 

tan gd u 

«■> Fo' 

seo gd u 

« F9' 

sin gd u 

« Fe' 

oso gd u 

« Fo' 
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Natural I-Iypcrbolic l‘'utu;tirint). 


rnii - fTTTiT^^iiiij 


O.OJtX) 0.0_>000 I 10,0 l.(KX)_*0 


o.ojo.t; 0.0J050 

, 01*07 . 0 J 070 

.0-!0S .OioSf) 

.0_>(XJ .O-WX) 


o.02in 

O.02IfK> 

.0211 

.021 10 

.0213 

.02120 

.0313 

.02130 

.021.1 

.02I.|0 

0.021.5 

0.02IS0 

.02jf) 

.02H«) 

.0317 

.02170 

.0218 

.02180 

.02iy 

.02190 

0.0220 

0.02200 

.0221 

.02210 

.0222 

.03220 

.0223 

.02230 

.0224 

.022.10 


cosh II 

«■> F.,' 

tnah u 

F,,' 

colli II 

1 .(XX )20 

0,2 

0.02(HK) 

1 0,1 1 

.■> 0 . 0 , 1 ,' 

.(MX >20 


.(>..‘l>l<> 


■l‘i, 7,>8 

.(XXIJO 


.o.;o-’o 



.<XM) 2 I 


.02030 



.(XX )21 


.U2().l() 


,lij.o ;o 

I. (XX >21 

0,2 

0.(>.!050 

10,0 


.(HX 12 I 


.OJOlxl 



.(HX)JI 


.02070 


,18.310 

.(HXIJJ 


.o.;o8'.» 


.1,‘l.nSi 

.(KX )22 


.o.;(»x> 



l.(XX )22 

0,2 

0.02I(N) 

10,1) 

• l/.O'O 

.(XK>J 2 


.O.M lo 



.(XX 12 J 


.02120 


• 17 . 177 

.(HK)23 


.02130 



.(XXJJ 3 


.02l.|0 


■l". 7 ,i'' 


1 .()( K ) J .{ 

.( 100 J.I 

.(NNUI 

. 0 ( KU .| 

.(KXU-I 
.<KK>J 5 
.(KiO .*5 j 
. 0 (K >-*5 I 


0.0325 

0.02250 

10,0 l.(XX»25 

.0226 

.02260 

.0(M>2( 

.0227 

.02270 

.(XX)J( 

.0228 

.02280 


.0229 

.022<J0 

.0(K)2(> 

0.0230 

0.02300 

10,0 1.(XX»26 

.0331 

.02310 

.(X»027 

.0232 

.02320 

.(HM>27 

•0233 

•02330 

.(KIO27 

■023.1 

.023.10 

.0:x)27 

0.0235 

0.02350 

10,0 i.(X):)28 

.0236 

.02360 

.(1(X)28 

.0237 

.02370 

.(X)o.*8 

.0238 

.02380 

.(KX)28 

.0239 

.023<j0 

.(XX)2(9 


J,03.;0 [ 0,03.100 


).03,}S OVO^/ISO 
.03.16 *'.03.|f)0 

.03.|7 .02-170 

,02.|H ,02.180 

'.0il9 .02.(<;o 

•0250 0.02500 

U ' Inn (III t( I 


J0,O l.(KX).!y 
.(HX)29 
.(XX)2(; 

.noo.vi 

.(XK).10 

10,0 i.(xx).T{) 

.CKXJ.IO 
.(XKMI 
.000.1 1 
• (KKI.II 

10,0 1.00031 

“ Fo' 800 0(1 II 


0,2 0.0215(1 

.0210:1 
.02170 
.02180 
.021110 

0,2 O. 022 (K) 

.02210 


I 0,2 0 .O.). 1 . 5 o 

.(U.l^rti 
• 02.170 
,02380 
. 0 ..M«KI 

0,2 0.0.!,H)0 

. 02 .| 10 
. 02.120 
. 02-130 
. 02.|,|0 

0,2 0 . 02 . 1.50 

.O 2 .|(io 

.OJ.IIXl 

. 02,170 

. 02 ,|}{?) 

0,3 0 . 02.100 

« Fo' aln ail u 


13 

• l.'i.OfM 

• I.'I.IO.! 


.(I 22.:0 


■ l.'i.O,!.! 

.02230 


■l-|.8;io 

.O 22,|0 


• Il'll.’iO 

O.O.M .50 

10,0 

■l'l• 4.'<2 

.022:K) 


■1 

.0.!.!7(l 


.| I.iXki 

.02.>.‘lo 


■1.1.8:17 

.0221X> 


43.(178 

). 0.!300 

10,0 

4 . 1 .-| 8 'i 

.02310 


.| 3..:';8 

.02320 


43. m 

.02330 


.12.(>.;:i 

• 02.110 


•!■^ 7.|3 


•|l.07f! 
•11 .5<|.| 
•I'.. 1,10 

,{1 . ir>o 
• lO.'l'l,! 


>0,0 .io.()()H 
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Natural Hyperbolic Pmictionfl. 


0,0300 0,03000 10,0 I.IX)0.|S 

.0301 .o.?oto .ooD.I-; 

.030J .030JO .0I10.|<'> 

•0,^03 .03030 .<XX).|() 


.0304 .03040 

•0305 0.03050 

.030f) . 030{)0 

.0307 .0.1070 

■ 0308 .n3(xSo 
>0300 .03(xjo 

,0310 0.03100 


i. 0 <x )47 

.<X)(X|7 

.(XX )47 

. 0 {X )47 

.0(X)48 

r.0(xi.|iS 


.0311 

.03111 


.IXXXjJ 

■ 9.112 

.03121 


.«XX ).|9 

.931.1 

■0.11.11 


,(XXX |9 

,031.4 

.031.41 


.(XX >49 

0 . 9 . 11.5 

O. 0 .H 51 

10,0 

I .(xx) 5 o 

.0316 

.03161 


.<xx>. 5 o 

•0317 

■03171 


.<xx>5(> 

.0318 

.03181 


.(xx) 5 i 

•0319 

.03191 


. 0 (X 4 . 5 l 

0.0320 

0.0.1201 

10,0 

1.00051 

. 0.121 

.0.121 [ 


.(Kl ()52 

.0322 

.03221 


.(XX ).52 

•0323 

.93231 


.(XX )52 

.0324 

.93241 


. 0 (X )52 

0.0325 

0.032.51 

10,0 

1 .0005.1 

. 0326 

.032,')t 


.(XK 153 

•0327 

.03271 


•0005.1 

.0328 

.03281 


. 0 (H )54 

.0329 

.03291 


.<X )()54 

0.0330 

0,0.1.101 

10,0 

I .00054 


0.0335 0 . 0 . 13.51 
.03361 


0.03.101 
.034 1 r 
.03.121 

■ 0 . 1(31 

■0.1-1. (I 

0.0.1451 

.03.161 

.03.171 

.03481 

.03491 

0.03.501 


10,0 j.fxx>56 
.o(X ).56 
.rxx )57 
. 0 (X )57 
.<xx )57 

10,0 i.(xx)5S 
.(xx) 5 H 
.(XX)58 
.<xx)5<; 
.(xx)5y 

10,0 I .00060 
.ooofx) 
.(xx)6o 
.(X)o6i 
.00061 


(^3 O.OJiJfX) 

.(Moo'> 

.03019 

.O.IOJO 

•o.(o.}9 

0.3 o.o.$o (0 

• 0.10.59 

• O.iofK; 

.0.1070 

• O.io’lt) 

0,3 o.03(x;<) 

■03101) 

.03119 

. 03 U '9 

.031.19 
0,3 0.03149 

.031.59 

• 03 llH> 

.<MI7‘> 

• 0318(4 

0.3 o.o.Uix.) 

.032<KJ 

.0.121(4 

.<13229 


.1.1.31.1 

.13. 

3,1 . I -M 
3,1.01.1 
32.'X'.5 

32.707 

.l.!,(K,0 

32 . ,178 
3.:. 373 

32. .-fK'l 

32, 105 
,12.0,').; 
.11 .'J ,59 

31.8.58 

31.7.57 

31 .0.50 
.11 .5,56 
.11 •4,57 
.M.,1.S9 

31.261 

31.163 

3l.(X.7 

.10. '»7' 


U.0350 o.o3.5or 10,0 i.ooofii 

u tnn flil u “ Fu^ soo od u 
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•0.123‘4 


30,87.' 

0.0.12,|(4 

10, (> 

,10.781 

.0.12.5<4 


.lO.fK^I 

.03.«>(4 


.10.5(42 

•03279 


30,. 1(^4 

.032.8(4 


3O..IO6 

0.032(X4 

10,0 

30.31,1 

• 033o<4 


.■10,.J23 

.0.1319 


30.132 

.03.129 


.10.041 

.03339 


29.(451 

0.0.1.149 

19,0 

2<4.8ri2 

•0.13.59 


20,77.1 

.0,1.16(4 


.19. 6, 85 

.0.1379 


2(4. >i(;7 

.0.1.18(4 


29.510 

0.«.13‘4!4 

lo.o 

2'4..i23 

.03|0'4 


2'J..137 

.03119 


2(4.2}il 

.0,142(4 


29. 116 

.03439 


29.9.81 

0.03.149 

10,0 

2.8.</(47 

.03459 


28.(413 

.03 Kk4 


2.8. .830 

■03179 


28.7,17 

• 0.14814 


.i8.idi5 

«.03l*)9 

10,0 

29.. 583 

*>n od (1 

" w F«' 

oao uil u 
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u 

sinh u 

U Fq' 

cosh u 

D1 

tanh u 

B9 

ootl] Cl 

« Fo' 

0.0350 

0.03501 

10,0 

I. 00061 

■i 

0.03499 

10,0 

28,583 

81,6 

■0351 

.03511 


.00062 


.03509 


28.502 

81,1 

.0352 

.03521 


.00062 


.03519 


28.421 

80,7 

.0353 

.03531 


.00062 


.03529 


28.340 

80,2 

.0354 

.03541 


.00063 


.03539 


28.260 

79.8 

0 . 03 SS 

0.03551 

10,0 

1.00063 


0.03549 

10,0 

28.181 

79.3 

.0356 

.03561 


.00063 


.03558 


28. 102 

7S.9 

.0357 

.03571 


.00064 


.03568 


28.023 

78,4 

.0358 

.03581 


.00064 


.03578 


27.94s 

78.0 

.0359 

.03591 


.00064 


.03588 


27.867 

77.6 

0.0360 

0.03601 

10,0 

1.00065 

0,4 


10,0 

27.790 

77.1 

.0.161 

.03611 


.00065 




27.713 

76,7 


.03621 


.00066 




27.6,36 

76.3 

II .0.161 

.03631 


.00066 


.03628 


27.560 

75.9 


.03641 


.00066 


.036.^ 


27.485 

75.4 

0.03G5 

0.03651 

10,0 

1.00067 


0.036,18 

10,0 

27.409 

75,0 

.0366 

.03661 


.00067 

^H|H 

.03658 


27.33s 

74.6 

.0367 

.03671 


.00067 


.03668 


27.260 

74.2 

.0368 

.03681 


.00068 


.03678 


27, 186 

73.8 

.0369 

.03C91 


.00068 


.03688 


27.113 

73.4 

0.0370 

0.03701 

10,0 

1.00068 


0.03698 

10,0 

27.039 

73.0 

.0371 

.03711 


.00069 


.03708 


25.967 

72,6 

.0373 

.03721 


.00069 


.03718 


26.894 

72,2 


.03731 


.00070 


.03728 


26.822 

71,8 

.0374 

.03741 


.00070 


.03738 


25.750 

71.5 

0.0375 

0.03751 

10,0 

1.00070 


0.03748 

10,0 

25.679 

71.1 

.0376 

.03761 


.00071 


.037.58 


26.608 

70,7 

.0377 

.03771 


.00071 


.03768 


26.S.38 

70.3 

.0378 

.03781 


.00071 


.03778 


26.468 

70.0 

.0379 

. 0379 t 


.00072 


.03788 


26.398 

69.0 

0.0380 

0,03801 

10,0 

r. 00072 

0.4 

0.03798 

10.0 

26.328 

69.2 

.0381 

.03811 


.00073 


.03M 


26.259 


.0382 

.03821 


.00073 


.0.3818 


26.191 

m,s 

.03S3 

.03831 


.00073 


.0.3828 


26. 122 

6I§,1 

.0384 

.03841 


.00074 


.03838 


25.054 

67.8 

0.038s 

0.03851 

10,0 

1.00074 


0.0.3848 

10,0 

25.987 

67,4 

.0386 

.03861 


.00075 


.038.58 


25.920 

67,1 

.0387 

.03871 


.00075 


.03868 


25.8.33 

66,7 

.0388 

.03881 


.00075 


.03878 


25.786 

66,4 

.0389 

.03891 


.00076 


.03888 


25,720 

66, 1 

0.0390 

0.03901 

10,0 

1.00076 

0,4 

0.03898 

10,0 

25.654 

65.7 

.0391 

.03911 


,00076 


.03508 


25.588 

6 s ,4 

.0392 

.03921 


.00077 


.03918 


25.523 

64.0 

.0393 

.03931 


.00077 


.03928 


25.458 

64,7 

.0394 

.03941 


.00078 


.03938 


25.394 

64,4 

0.039s 

0.03951 

10,0 

r. 00078 


0.03948 

10,0 

25.330 

64.1 

.0396 

.03961 


.00078 


.03958 


25.266 

63,7 

.0397 

.03971 


.00079 


.0396S 


25 .202 

63.4 

.0398 

.03981 


.00079 


.03978 


25.139 

63,1 

.0399 

.03991 


.00080 

■ 

.039S8 


25.076 

62,8 

0.0400 

0.04001 

10,0 

1.00080 

H 

0 . 0395 ® 

10,0 

25.013 

62,5 

u 

tan gd u 

« Fo' 

•eo od u 

« F#' 

■In gd u 

« Fa* 

080 gd U 

« Fo' , 
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d.0400 0.04001 
.0401 .040H 

.040-» .040-’ I 

.0403 .04031 

.0404 .04041 

0.0405 0.04051 
.0405 .040C1 

.0407 .04071 

.040S .04081 

.040Q .04091 

0.0410 0.04101 
.0411 .04111 

.0412 .04121 

•0413 .04131 

.0414 .04141 

0.0415 0.04151 
.0416 .04161 

.0417 .04171 

.0418 .04181 

.0419 .04191 

0.0420 0.04201 
.0421 .04211 

.0422 ' .04221 
•0423 .04231 


1.00080 

.00080 

.00081 

.oooSr 

.000S2 

1.00082 

.00082 

.00083 

.00083 

.00084 

1.00084 

.00084 

.00085 

.00085 

.00086 

1.00086 

.00087 

.00087 

.00087 

.00088 

1.00088 

.00089 

.00089 

.ooo{^ 


.0424 

.04241 

.00090 

0.0425 

0.04251 

10,0 1.00090 

.0426 

.04261 

.00091 

.0427 

•04271 

.00(^9 1 

.042S 

.04281 

.00092 

.0429 

.04291 

.00092 

0.0430 

0.04301 

10,0 1.00092 

.0431 

.04311 

.00093 

.0432 

.04321 

.00093 

•0433 

■04331 

.00094 

•0434 

•04341 

.00094 

0.0433 

0.04351 

10,0 1.00093 

.0436 

.04361 

.00095 

•0437 

•04371 

.00095 

.0438 

.04381 

.00096 

•0439 

•04391 

.00096 

0.0440 

0.04401 

10,0 1.00097 

.0441 

.04411 

.00097 

.0442 

.04421 

.ooocS 

•0443 

•04431 

.00098 

,0444 

.04441 

.00099 

O.0.U5 

0.04451 

10,0 1.00099 

.0446 

.04461 

.OC099 

.0447 

.04471 

.00100 

.0+48 

.04481 

.00100 

.0449 

.04492 

.00101 

0.0450 

0.04502 

10,0 I.OOIOI 


.> Fu' iQnh 11 


04 0.03998 
.04008 
.04018 
.04028 
.04038 

£^4 0.04048 

.04058 
.04a6S 
.04078 
.040S8 

0,4 0.04098 

.04108 
.04118 
.04128 
.04138 

0.04148 
.04158 
.0416S 
.04178 
.04188 

0.04198 
.04208 
.04217 
.04227 
•04237 

0.04247 
•04257 
.04267 
.04277 
.04287 

0.04297 
I .04307 
•04317 
•04327 
•04337 

0.04347 

•043S7 


Ian gd u u Fq' 


Smithsonian Taples 


0.04397 

.04407 

.04417 

.04427 

•0.1437 

0.04447 

•044S7 

.04467 

•04477 

.04487 

0.04497 


seo gd u « Pc' I sin od B I » Fo' 














Natural Hyperbolic FunctIon». 


"> F</ ooslt u u Fo' 


0.(1, l;in I (l.ll.lSO.! 


10,0 t.(K)IO[ 
.(HIIOJ 


0,5 o.o.|.i<)7 

.0-1507 


0.0.15.5 

• 0.1.50 
.0,1.57 
.0.|.'i''< 

■ o.l.5<} 

0.0 |()0 
.0|ll[ 
.01(1.! 

• O-IO.I 
. 0 , 10,1 

0.0.|('.5 

. 0,100 

.(),|07 

.o,|(iM 

0.0,170 

.<i,|7l 

.0,17.5 

.o.|7.i 

.0,17.1 

0.0, 17.5 
.0,17^1 
.0,177 
.0,17.^ 
.0179 

0.0 |Hi) 
.o,|Sl 
,o,lH,! 
.0|H.l 
.0,|K| 

o.o,iM 5 
.o,lH:i 
. 01 M 7 , 
.o|HS 
.O-lMij . 

0.0,|()0 

.Ol'H 

. 0 | 0 .! 

.O-IO.I 

0.0 10,5 

.o,|(Xi 

.0107 

.o.|(}H 

.0,109 


0.0.15.5.! 

.0 150 .* 

.0 1,57-! 
.01,5(1.! 
.0.1.50.! 

O.OlOOJ 
.I1|01.! 
.0 |(i.!J 

.010.5.! 

.0.1(11.} 

0.0.|<'.5.! 

.0,l()(l-! 

.0107-i 

• O-lfifl.! 
.O.l(iiJ.! 

0.0.170.) 

.0,171.! 

. 017 - 5.5 

.(M7.V! 

.o,17-l.! 

0,0 17,5.! 

.0,179.5 

.0,177.5 

.017H.5 

.0179.5 

O.0,|H(l,! 
.0 iMl.! 
.0 \>\.u 
.(»1«.1.5 
.oiMu 

o.O-lMfi.) 
.0|HO.) ; 
.o,lS7J 
.oiM(lj 
.Of.^lo;) 

O.OlOOJ 
.0101.5 
.(I10.5J 
.0 10.1-5 
.('lO-U 

0.010.5J 

• O-IOO.) 

.o,lo 7 J 

. 0 ,|<>.S.) 

.O.lOiJJ 


10,0 1.0010.1 
.0010.1 
.OOHX] 
.(NH05 

.(M)I 05 

10,0 i.ooio.'> 

.OOlOl) 

.00107 

.00)0/ 

.IHllOiS 

10,0 i.(kho8 
.00 UM> 
. 0010 !) 
.00110 
.(X)IIO 

10,0 1. 001 10 

.(HMII 
.(H>l U 
.OOlU 

10,0 1.00115 
.(Hll 13 
.001 l.l 

.(KHI.5 

10,0 (.00115 
.(MU t(> 
.(Mil (0 
.00117 

.iHiii; 

10,0 i.(x>uH 
.(hmiH 
.OOIip 
.(X)np 
.(XllJO 

10,0 I.(X)I20 

.(X)I 2 I 

.<X)(22 

.(wrjj 

10,0 1.00123 

.<X)I 23 

.<X)I 2 .| 

.(X)I 2 .| 

.(X)I 25 


0.5 o.o.|5.|7 



0,5 0.0.1507 

.0-|(M)7 

.0-10(7 

.0-1927 

.0.1037 

0,5 0 . 0 , 1 ( 1,17 

.(•■10.57 

.0(007 

.0-1977 

.0.1(1.87 

0,5 o.().)(io 7 



0.5 «>.o.iH .|0 

.o.|Ks(i 

.o.|K(!(i 

.0.1K79 

.O-lHHO 

0,5 o.o.|K()(» 

.ai9o9 
.0.|0l(i 
.a(02(i 
.a|«j39 

0,5 o.aHMfi 

.0405(1 

.o.l<Xi(i 

.0-107(1 


0.0500 0 . 0.5002 10,0 i.(X3i25 (^5 o.o-ioyf) 


800 0(1 u w Fo' iln gd u 



Smitxsonian TAiae* 


97 




















Natural Hyperbolic Kiiticliotis. 


u 

■Inli u 

“Fn' 

cosh u 

[ «F.i' 

0.050a 

0.05002 

10,0 

i.ooias 

0, 

.0501 

.05012 


.0012(i 


.050;} 

.05{>22 


.CKuaf) 


• 050 ,i 

.05042 


.00127 


. 050 .( 

.05ttJ2 


.00127 


0.0505 

0.05052 

10,0 

1.00128 

o,f 

.05o() 

. 0 . 5 O ,'>2 


.(X )[28 


■ 0507 

.0.5072 


.00129 


.0508 

.05082 


.00129 


.0509 

.05092 


.00130 


o.osro 

0.05102 

10,0 

1.001,10 

0.5 

.0511 

.05112 


.001.11 


.0512 

.0512a 


.00131 


.051.1 

•051.12 


.00132 


.0514 

.05142 


.00132 


0 . 05 ts 

0.05152 

10,0 

1 . 001.13 

0,5 

.0516 

.0516a 


. 001.13 


.0517 

.05172 


. 001.14 


.0518 

.05182 




•osiy 

.05192 


.00135 


0.0520 

0.05202 

10,0 

1.00135 

0.5 

.0521 

.05212 


.001.16 


.0522 

.05222 


.001.16 


•OSii.l 

.052.1a 


.00137 


.0524 

.05242 


.00137 


0.0525 

0.052.52 

10,0 

1.001,18 

0,5 

.052(1 

.052li2 


.00138 


.0527 

.05-72 


.<X)I .19 


.0528 

.05282 


.<X)I 39 


.0520 

.0.5292 


.<X)I.iO 


0.0530 

0.05.102 

10,0 

1. 00140 

0,5 

■ 05 . 3 t 

.05312 


.00141 


■ 0 .S .12 

•0.5323 


.(X )142 


■0533 

• 0 . 53.13 


.<K)I 42 


.0534 

■05343 


•<x>i .|3 


0.0535 

0.0.5.1.53 

10,0 

1 . 001.(3 

0,5 

.05.16 

.05.163 


.00144 


•0537 

.05373 


.(XJI44 


.05.18 

.0538.1 


. 001.(5 


.0539 

.05.193 


. 001.(5 


0.05.10 

0.0540.1 

10,0 

1.001.(6 

0.5 

.0541 

.0541.1 


.(M)i.i 5 


.0542 

.0.542.1 


.00147 


. 0,543 

• 0 . 54.13 


.001.(7 


.0544 

.05443 


.001.(8 


0 . 0.545 

0.05453 

10,0 

1.001.(0 

0,5 

.0546 

.0546.1 


.00149 


• 0.547 

■ 0.5473 


.00150 


.0548 

.05483 


.<X)I50 


.0549 

■05493 


.00151 


0.0550 

0.05503 

10,0 

i.oorsr 

0,6 

u 

Inn oil u 

u Fo' 

SOO Oil U 



Smithsonian Tailki 

98 


infill II 

■u r,/ 

iinlli II 

I-,/ 

o.o4<i()6 

ID, I) 

20.017 

.10,0 

.0.5<HX> 


19.07/ 

.10.8 

.05016 


10. 0.17 

30.( 

.«i502.'» 


10. No/ 

30‘,,1 

.050.(6 


l'J. 8,58 

.10.3 

0.0504O 

1(1,0 

ii;.8ii) 

30.2 

.05056 


10.780 

30,0 

.o,5(KXi 


10.711 

.18,' 1 

.05076 


10.70.; 

.18.7 

.05o.S() 


h>.0[i3 

;i8.(» 

o.O50(X» 

10,0 

10. 0..', 

.• 18..1 

.o5l(X> 


io.;;87 

.18..I 

.051 lit 


10. ;i l.‘l 

38.1 

.05126 


lo. 310 

38,0 

.0.51.15 


io..i7-i 

37.8 

0.05145 

10,0 

10. 1.1.1 

37.7 

.O.SI.5S 


io.3>>7 

37., 1 

.05165 


10. .('O 

37.1 

.05l7.‘i 


10. .1.!.} 

37.2 

.05185 


19.28.5 

37.1 

0.0519.5 

10,0 

1(J.2|8 

3'i.<l 

.05205 


1*1.21 1 

.1''.8 

.0.521.5 


10.171 

36,7 

.05225 


I'M.lM 

39.5 

.05235 


Mi.iot 

36.4 

0.0.52(5 

10,0 

ro.ixi.i 

36,2 

•0.'i2,5.5 


HKO.HJ 

36,1 

.05265 


18, 0*1.1 

3(1,0 

•o.'>275 

.05285 


18.017 

i8,*j,!I 

3.1.8 

3,1.7 

<1.0.529,5 

lo.o 

l8.f(86 

3.1.6 

• 0.1305 


18,8.50 

31i4 

•‘1.13 15 


18.81.1; 

31.3 

.0.132.1 


18.770 

35i2 

.0533.1 


18.7-14 

3;'6 

0.0.5,145 

10,0 

18. /Of) 

;m.<) 

.<15.1.15 


18.(17.5 

31.8 

•0336.5 


18.(140 

31.6 

.0537.1 


18,(1115 

34.5 

.<15.185 


18. .171 

31.1 

0.0.5395 

10,0 

18. .537 

.11. ,1 

•0.140.1 


18. ,50.; 

31,1 

.05415 


I8..i(i8 

31,0 

.0.542.1 


18., 1,11 

33.9 

.0.5.I.15 


i8.,|(h» 

33,8 

0.0.5445 

10,0 

1.8. .167 

3.1/) 

.05455 


18. .1,1.1 

33..1 

.«5|6S 


J8..100 

33, 1 

.0547.1 


l8.2(rfl 

3.1.3 

.05484 


18.2.13 

33,1 

0.05494 

10,0 

18.200 

33.0 

tin ail li 

« Fu' 

010 oil u 

«. Fy' 




Natural Hyperbolic Functiono. 



td Fu' oosh u 


10,0 1.00151 


10,0 1.00154 

.00155 
.00155 

.00156 

10,0 1 .00157 

.(X>157 

.00158 
.00 150 

.00156 

10,0 1.00160 

.00160 
.(Ku6i 

.(X1161 

.00162 

10,0 1 .00162 

.(X)i65 
.(X)l6.| 
.(X)i6.| 
.00165 

10,0 1 .00165 

.(X)i()6 

.(KU67 

.(XU67 

.00168 

10,0 1.0016H 

.(K)|6(> 

.ix)i 6!> 

.00176 

,00171 

10,0 1.00171 

.(X>I 72 

.(X)173 

.(X)i73 

.(K>I7.| 

10,0 1.0017.1 
.00175 
.00175 

.00176 
.00176 


liinh u I u Fu' 


0,6 o.oS4<>|. 10,0 

.o5So.| 

.05514 





0,6 0.055,14 10,0 


0.6 0.0574.1 10,0 

.05751 

.05764 

.05774 

.05784 

0,6 0.0S7«M 10,0 

.05H05 
.05HI3 
.05825 
.0585.1 

0,6 0.05845 10,0 

.05855 

.os 8()5 

.05875 

•05885 

0,6 0.05R05 10,0 

.osyo5 



ton gil u 


10,0 

I. 00177 

0,6 

0 . 050.13 


.00178 


.05053 


.00178 


.osyf '5 


.00170 


.05075 


.00179 


.05983 

10,0 

1.00180 

0,6 

0 . 0 S<> 9.1 

w Fo' 

aoQ gd u 

W ft / 

aln gii u 


oto oil u 


27.7 

« Fo' 





















Natural Hyperbolic FiinclloiiH, 


u 

sitilt u 

<u Fu' 

oosli II 

«F..' 

innli 11 

>0 F,,' 

colli II 


o.orior 

.0()() 

.o;)a. 

.o:h). 

o.ofxx). 

.(K)(>l. 

.OfK).! 
• OfKXJ. 

10, c 

i.oni8( 

.0018 

.(xxiS 

.a)i8. 

.ooi.S. 

1 0,( 

o.o 5 (X>. 

.<X'XK». 

.(KkH. 

.ofxij. 

•Ofll.l. 

10, ( 

10, (Of, 

I0.(l;j. 

1(1,03 

1(),(.;. 

!o.y/i 

1 

o.of)05 

.0<)0( 

.OlK)7 

.(x'toM 

.ofioy 

o.ofin.s. 

.()f)0(>. 

.o;x>7, 

.ofkxHi 

.o(K)y.| 

10,0 

1.0018. 

.0018. 

.0018. 

.0018- 

,cx)i8i 

0/i 

O.lX^H).!. 

.o:h)5. 

.ofx):». 

.<Hm 7 .i 

-ofxiSa 

10,0 

■f'-.'i l‘ 

10. . vi. 

10. . 10;, 
lfi..|(0, 
10 . -Ill 

.'1,0 II 

o-ofiro 

.0611 

.(i6u 

.ofii.t 

o.ofno-i 

.of>ja.| 

.Ofn-M 

10,0 

1.00186 

.(X)I.87 

.001.87 

.001.88 

.ooi.8y 

o.fi 

O.OfXll),' 
.<x'»l<i2 
.<yn 12 
.<Xll22 
.Of»I3.! 

10,0 

IO,.|l 1 
If). .187 
Ml. , (fill 
'fo.u 1 
10,30/ 

1 

o.ofits 

.OfiHi 
.(yu 7 
.of) 1 8 
.Ov'lH) 

().of)i5.| 

.ofiifxj 

.(rfit 74 

.Of)l8.| 

.OfitiM 

10,0 

I.0oi8() 

.00100 

.IKHIXI 

.(X)ll>l 

.ooipj 

0,6 

0.001-12 

.OfU52 

.<x>102 
.ofl 1 72 
.(XI1.82 

10,0 

Mi..t.8| 

I0,,1;:| 

Mi.2,.'8 

lf),.;o2 
10, [70 

20,2 1 

0.0620 

.0(>2l 

.ofyjz 

.ofiz} 

o.of>ao.| 

.ofL»r.| 

•Of) 23 .| 

.ofij.i-i 

10,0 

1.00102 
• 0010,! 
.(H)I 9 .| 

.<x)io.| 

.(K)lo 5 

0.(i 

O.Ofilo 2 

.o:»202 

.(«).M2 

.(X* 2 .M 

.0O232 

10,0 

If). I.'IO 

10. i.<j 
If). 008 
Ml. 07.} 
M>,o|'i 

2f<,0 1 
•(.'i.o 11 

1 

•lii.f' 1 

o.ofiJS 

.Of«f) 

.ofi-v 

.nfiaS 

.ofiai; 

o.ofSa.sj 

.of>af>.| 

.i)t') 27 .\ 

.0f)20| 

to,o 

1.00105 

.<X)l(>'i 

.<xn<i 7 

.00107 

.<x)i«>8 

0,6 

0.0f»2.(2 

.<«)252 

.o:i.'62 

.1X1272 

.(X12.82 

10,0 

Ml. 0.11 
l.'i.'Xl.'i 
I.H.070 
I ,*). 014 
1 , 5.010 

2.5, fl I 

o.nfi.in 
.ofi.lt 
.ofUJ 
• fyi.l.l 
•of).!! 

O.Ofi.tm 

.Of».!I.J 

.06.V.I 

•Ob.UI 

.Of).TJ-| 

10,0 

l.(X»l<;o 

.(X)ioo 

.<XI 2 (K) 

.(X »200 

.(K)-*0l 

0,6 

0.o62<>2 

.01)302 

.(X» 3 I 2 

.Of>32.* 

.Of) 3.12 

10,0 

I,S,8m» 

15.704 

- 1 , 5.2 1 
25.1 11 

• 1 , 5,0 || 

ll;!! 

.0537 
.of >.38 
.Cifi^y 

o.of). 15 .| 

•or »374 

.of) 3 ?>| 

J0,0 

1 .0020-* 
.ixiaoj 
.(X )203 
.«W)20.| 
.<X) 20 .| 

0,f» 

0.063.1.1 

•<»fM.Sl 

.<X> 3 (n 

.<^0/1 

.o'mHi 

10,0 

I, 5 . 7 ' 10 
I.S 7 M 

1 5 . 7 .( 1 ' 
I.lf-Oijii 
l;i.fi7I 

.M.8 j 

24, fl j| 

2.1, .5 1 

O.Ofi.(o 

.ofi.ir 

.nfi.ij 

•ofi.i.i 

, 0 f ).|4 

0.0fi.i5 

.nfxirt 

.orj .|7 

.of)4H 

o.ofiso ( 

0.0f).(0;j 
.or),ii.i 
.nfi.(2.j 
• 06.134 
.06.144 

o.o 6.!54 

.06.164 

.06.175 

.06.183 

.of ).|<>5 

).o6so.^ 

10,0 

10,0 

10,0 

T. 00205 

.(H 120 I) 

.oo2a6 

.(X1207 

.00207 

1.0020.8 

.00200 

.00200 

.00210 

.00211 

t. 00211 

0.6 

0,6 

0.7 

<i.o63<ii 

.(Xi.JOl 

.<x>in 

.<Xi| 2 I 

•<'6-131 

0,06.141 

.(Xi.lSi 

.Ofi|6( 

.ofM 7 i 

.06.181 

0.06491 

10,0 

10,0 

10,0 

15.(i,|fi 

IJi.fi.!.! 

1. 5 •.57.1 

IS'.'ilO 

1,5.525 

1.5.501 

1 . 5 . 47-8 

I, 5. .151 

1.5-130 

1 . 5 . 46 ^) 

i-’-l.-l 1 

2.|.'l 1 

2.1.0 1 

1 

2,!0 1 
23.8 1 

23 .(* 1 

u 1 ' 
Smithboniax 

nn (III u 

Tadlcs' 

w Fo' 1 fl 

00 gd u 

H Fil' 

•In gd u 

W Fo' 

OBo ad u ■ 

W I 


100 


NiUiiral Hyperbolic Functions, 


o.ofi^o <).l>!);i(l5 


.<1(15(1 

.(i(i;i; 

.0(15^1 

.0(1.?) 


.<1(1(11 
.(i(i(i-i 
.(If 1 ( 1, 1 
.OfjfM 


.(HKM.! 

.(lOJI.t 


.(Ki/l 

.(KiX.! 

.dfiy.l 

O.dCiXii 

.Oliyfl 

.uuyy 

,{)(i 7 M 

.(Xi?!) 

O.OfiMi) 

.(>' iJU 

,(»(iH.i 

.(I'lMi'i 

.<i(iM 7 


.OfKJt 

.(ifii).J 

.OfiiM 

.(Kj(>| 

n.(yx)'| 

.(Xnjd 

.(VHJ 7 

.iy’K)}{ 

.iVkji} 


1.(1(1.555 

10,(1 

1 .00.11.5 

.( 1 ( 15(15 


.0(U15 

■ <1(1.575 



.(i('.5‘\5 



.(i(i.5<>5 


. 0 IWI 7 

i.dfXin.S 

10,0 

i.oo.ii.S 

.<|(>(>I5 


. 0 ().!I<> 

.(i(i(i .(5 


.(K).no 

.'l;■fM5 


.(K).i.:o 

.<i!i(i.|5 



().()( ifi5.5 

( 0,0 

l,0(U4l 

.(((Xiflf) 


.00J.1J 

.< 1 ( 1(75 



.(ilidHs 


.(HUJ.l 

.<i(i(i(».5 



o.(if'7(i5 

10,0 


.< 1 ( 71.5 


.00JJ5 

.(if7.J5 


.(IOmM() 

.(1(7.15 


.(KUJ 7 

.()(7.1.5 


.oojjy 

().(y7.5.5 

(O.O 

I .oo.mH 

.( 1 ( 17 ( 1.5 



.< 1 ( 77.5 


.(H)J .!0 

.<i(7M,5 


.<H>.!50 

.()(7<1.5 


.OOJJl 

<).<i(iHii.5 

10,0 

I. 00 A 1 I 

.(KhSif, 



.(i(iH,!5 



.<»(|^'.1.5 



.(ifiJ(.1.5 



(i.‘i( 1^.55 

10,0 

l.(K«5.5 

.ll(l.S[l;| 


.(KRW 

.<t(i»7.5 



.<i(iM,^,5 


.(M1J37 

.(»liSd.5 


.OOJ 37 

d.dfKiO.T 

10,0 

( . 00 . 1 # 

.(Kiijlf) 


.(XU.IO 

.(i(n».!(i 


.IKU.|0 

.(XiiU^i 


. 00-’.10 

. 0 ( 11 ; K» 


.(MU.tl 

0.<i(i<j,5('i 

10,0 

I.OfW.p 

.o(ti,)fi(i 



.<i'i')7(t 



.ii(i<jH(i 


.OlU.t-t 



. 002 .M 

o.o 7 oort 

10,0 

1 .003-1.5 

Inn ad u 

W Fu* 

laa 0(i u 











Natural Hyperbolic PunctioiiH, 


u 

clnh u 

«Fu' 

oosh u 

« F,.' 

lUJill u 

0.0700 

.0701 

.0702 

.070.1 

.070.1 

o.o7oof 

.0701^ 

.0702f 

.070.56 

.07a|6 

10,0 

1 . 002.15 

. 002.17 

. 002-17 

.002.1,' 

0.7 

o.o!ii>8> 

.o7<h).8 

.07018 

.o7»)2.8 

0.0705 

.070.') 

.0707 

.070.S 

■070.0 

0.07056 

.07o6(> 

.07076 

.070,86 

.0701/) 

10,0 

1 . 002.19 
. 002-19 
.00250 
.00251 
.00251 

0,7 

0.070.18 
.o 70-|'8 
.07058 
.070; 8 
.07078 

0.0710 

.0711 

.071a 

■071.^ 

.0714 

0.07106 

.07116 

.07126 

.071.56 

.071.16 

10,0 

1 .00252 

.(K) 25.1 

.0025.1 

■00254 

.00255 

0,7 

0.07088 
.0701)8 
.07108 
.071 iM 
.07 i.!8 

0.0715 

.0716 

.0717 

.0718 

.0710 

0.071.56 

.(>7if>6 

. 07 I 7 () 

.07186 

. 07 ilX> 

10,0 

I .{x »256 
.()0.!5() 
.00257 

.(K)258 

.(K )259 

0.7 

0.071.18 

.071.(8 

•07158 

.07i(>.S 

.07178 

o.o7ao 

.0721 

.0722 

.0725 

.072.1 

0.07206 

.07216 

.07226 

.072.56 

.072.16 

10,0 

1.00259 

.(K)2(M) 

.00261 

.<H)26i 

.00262 

0.7 

0.07188 

.070)8 

.07207 

.07.117 

.07227 

0.0725 

.072f) 

.0727 

.0728 

.0720 

0.07256 
. 072(16 
.07276 
.oyMt 
.0729.6 

10,0 

1 .(X) 26,1 
.0026-1 
.no2(i.| 
.00265 
.OOJfifi 

0.7 

0.07.1.17 

.072.17 

.07257 

.07.107 

.07277 

0.0750 

• 0751 
.07,12 

• 07.1.1 

. 07 . 1 .f 

0.07.506 

.07.517 

.07.127 

•07.1.17 

• 07 . 1-17 

10,0 

1 .002(»7 
.<X» 2 ll 7 

.00268 

.002()(> 

.002()f> 

0.7 

0.07.587 

. 07.197 

.07.107 

.07.117 

•07.127 

0 . 07.15 

. 07 . 1 fi 

■ 07.17 
.07.18 
• 07 .iy 

0.07.157 

■ 07,167 

■ 07.177 
• 07.1.87 
.07,197 

10,0 

1.00270 

.00271 

.00272 

.00.72 

.00275 

0.7 

0 . 07 . 1.17 

. 07.147 

. 07 . 1.57 

.07,167 

.07.177 

0.07.10 

,07.(1 

■ 07.12 

■ 07.1.1 

■ 07 - 1-1 

0.07.(07 

.07-117 

.07.(27 
• 07 - 1.17 
■ 07.(.|7 

10,0 

1 . 0027-1 

.00275 

.00275 

.fX) 27 () 

.00277 

0.7 

0.07.187 

. 07 . 19 (' 

.07.106 

•07416 

.07.126 

0.07.15 

. 07,(0 

.07.(7 

.07.18 

. Q 7 A 0 

>■ 07-157 
. 07.167 
■OM 77 
.07.187 

.07.197 

10^0 

1.00278 

.<H)278 

.00270 

.00280 

.00281 

0.7 

n.o 745 i» 

.07,146 

.07.156 

. 07 .l()f) 

.0747C. 

0.0750 

>.07507 

10,0 

1.00281 

0,8 

0.07.1H6 

u 

Smithbonia 

nn 0il u I 

« Fo' 

100 gil u 

M Fo' 

•in gd u 


r,,' 


H>,(> 


10 , 1 ) 


0.0 


0.0 


W) 


0.0 


0.0 


0,0 


0.0 


0,0 


0.0 


0,0 


colli II 
I.l-.IIK) 

I.}..- 1.0 

1. 1 , .kiM 
I I . I 
I.|. Kk'^ 
l,|.l 

i.|. i.i.'I 

l.|. Iix'^ 

I j.O'lS 
I I.D'mj 
I |."|r> 
I-I.oji; 

I.|.<)IO 

1 . 1 . 

l.l.oj'l 

1.1.0. 1M 

1.1. 0. 1.! 

J.l.Ol.l 

1.1. Hoi 

1.1. HX.l 


1 

1 

...'ll,. 

-■ 0,1 

^;o,i 
-’( 1,0 
VlOiO 

10.0 

10.0 

10.7 
10.7 
■ 0,0 
I0.^> 

'0..'i 
10, .1 
10. 

10.. 1 

10 ., 

10.. 1 

10. . 1 

I0.i1 


1.1.8, -,5 

19.1 

1.1.8, ((- 

19,1 

1.1.817 

19,0 

l.l./O'i 

18.0 

1.1./ 79 

18,0 

1,1.761 

18,8 

1.1.742 

18,8 

J.l./.M 

1.8.7 

1.1.701 

18,7 

1.1. <hS’. 

18,0 


J8,(i 

15.018 

18, 5 

1.1.6,10 

1.8,5 

1.1.61 1 

i.M.-l 

l.l..59,l 

1.8., 1 

>.1.,57,5 

18..I 

1.1. .S, 16 

1.8, ;t 

I.1..5.18 

18.2 

1.1.,'U'o 

j8.j 

1.1. .'102 

18. 1 

1.1.481 

1,8.1 


j8,o 

J.I. 4 I 8 

1.8.0 

M-I.io 

17.9 

M.412 

17.9 

>.1.,19( 

17.8 

M..176 

17.8 

M.,1.58 

17.7 

CtQ Q() II 

« Fa' 


102 


Natural Hyperbolic Functions, 



i.noiaKi 

I .(X>2H<; 

.(xuKti 

.(lOjKy 

.(K>:>Ky 

.(Ku 8H 

.OO^NX) 
.(X),jya 
I .OOiNW 

.(M>-V5 

.IXW'/j 

i.o(w*j 7 

.<X)J<)7 

.(X)3()0 

I .oo.vx) 

.(K)3()I 

.(KJ.IOJ 

.(K)ao.i 

.(Xt.VM 

r.oo.v»-i 

.(XJ^toT* 

.(H).107 

.<x>307 

I .oo.ioK 
.tKJ.TO*) 

. 00.11 1 
,00.111 

1. 00.112 
.00.113 
.00.11.1 
.00.1I.S 
.00315 


10,0 I.oo.llf) 

.00.117 


iNn a<i u I w Po' 100 g<l u 


o,K 0.07.185 
.07S<)S 
.07605 
.07615 
.07625 

0,8 0.076.15 
.07645 
.07655 
.(17665 

.07675 

0.K 0.07685 

.07695 

.07705 

.0771S 

.07725 

0,8 0.077.15 

•077-M 

.0775-1 

.07764 

.(»77M 

0.8 0.077K.1 
.07794 

.07H(»4 

.07814 

.07824 

0,8 0.078.14 
.07814 
.07854 



9.9 12*527 


w Fv' OIQ Qll U 


IS.6 


M Fo* 


















Natural Hyperbolic KuiiclioiiH, 




11 

sinh 11 

«Fo' 

cosli 11 

«■> Fm' 

tiinh It 

« I--,,' 

Cllltl II 

F,/ 

O.oHof 

.0801 

.(xSo.- 

.080. 

o.o 8 (X )9 

.08011) 

.oHojp 

.08039 

.08049 

10,0 

I .00320 
.00321 
.00322 
• oo.l-M 
•0032J 

o,.S 

0.07983 

.07093 

.n8tM»3 

.<18013 

.(XS023 

9.9 

1 .7 
I - 1 . ,M I 
i.;.4i>:i 
12 . 4 , 7 ) 
l.;. 4 '’;i 

' 5 , 1 ' 

I 5 ,<> 

15.5 

15.5 
13,4 

G.o8a.') 

.o8(i( 

.<) 8 f 7 

.0H08 

. (x8(>(j 

0.08059 

.«xSo <)9 

.1x8079 

.(h8(x89 

.(X8099 

10,0 

r. 00324 
.00325 

.(M>32(» 

.(KI327 

.00327 

0,8 

<i.<kS'o33 

.08043 

.(x 8 o 53 

.(x8o(i2 

.1x8072 

9.9 

l .■,4 |I1 

i-’. 4 .ll 

i..’.4i8 

12,4113 

12.38.8 

1,'i.l 
18 . 1 
';;.3 

1 . 5,2 

0.0810 

.oHti 

.081J 

.08t4 

0.0810J) 

.(x8tl9 

.08ia«) 

.08139 

.o8i.j9 

10,0 

1 .(x>328 
.00329 
.00330 
.00331 

• 01)331 

0.8 

o.<x8<x82 

.<x 8 o 92 

.08102 

.(x8||2 

.(x8|22 

9,9 

'•'..l/.l 
I-!. 3.87 

l.!., 1.7 

12.31.; 

I;i.2 

1.72 

1.71 

l.'i.l 

1 . 5,1 

o.oSiti 

.0816 

.0817 

.0818 

.o8t<j 

0.08159 

.(xHitk) 

.(x8i7 () 

.08)89 

.08199 

10,0 

r. 00332 
. 003 x 33 

.003.34 

.0033.5 

.00336 

0.8 

0.08132 

.<x 8 i 42 

.(X8I52 

.<x8i(i2 

.08172 

9.9 

i .:..!97 

12.. ‘.82 

1.1., '(i 7 

1 . 5.9 

1 . 5.9 

14.9 
14.9 
14.9 

o.oM.'o 

.n8_M 

.oKja 

.o8j3 

.08j4 

o.o8aof) 

.o8ji9 

.o 8 j 29 

.<x 8 j 39 

.(x82.|9 

10,0 

1.00336 

.00337 

.(k )338 

•003.30 

.(X )340 

0.8 

o.o8i,8j 

.08192 

.<x8 ,!(I2 

.08211 

.(XS221 

9.9 

1.!..!.!.! 

I.!..lli8 

1.;. 193 
12. 17,8 
12. 163 

14.8 

14.8 

I4.H 

M .7 

14.7 

o.oHj.t; 

.f»8jf» 

.0H27 

.o8j8 

.o82(j 

o.o 8 w ‘59 

.o8.)69 

.o 8.»79 

.o8-»8() 

.(xH2<;9 

10,0 

1.0034 1 
.o:) 34 i 

.(H )342 

.(X) 3 |.l 

.00311 

0,8 

o.o8 .’3I 

.082M 

.(X8251 

.o 82 (»I 

.08271 

9.9 

12. 141) 
I.M.VI 
12 , ri 9 
1.!. 195 
I 2 .l|i )9 

14.7 

14.6 

14.6 

14.6 
I 4 ..'i 

0.0830 

.0831 

.083.J 

.o '833 

.oS.rt 

0.08310 

.08320 

•08330 

.08340 

.08350 

10,0 

1.00315 

•0034.5 

.(k)3|6 

. 1 H) 3 I 7 

.00.348 

0.8 

o.(x8.j8j 

,08,!tu 

.08301 
.0831 1 
.0H3.H 

9,9 

J 2 , 97 <i 
l.l.o!>l 
12.917 
1.9 933 
i2.nii8 

1 I ..5 

14.1 

1 1.4 

1 1.4 

> 1.3 

O.oKl.'? 

.083(1 

.0817 

.aS.^H 

•0830 

o.o83rH) 

,08.170 

.08380 

.o 839 'o 

.08400 

10,0 

1.00349 

.<K) 35 o 

.(K )350 

•<’ 0.351 

.00352 

0.8 

0.08,331 
.<>■83 1 1 

.(x 835 i 

.<x8i<hi 

.<’8370 

9,0 

I. M'xi 1 

I 1 . 9', 9 

I I . 97.5 

1 1 , 9 'il 

11.917 

1 1.3 

14.3 

14.2 

14.2 

14.2 

0.0830 
.081 r 
.o8.(i 
.0813 
.084.} 

0.08410 

.08420 

,(xS 43 o 

.1x8440 

.08450 

10,0 

I .00353 

• 0035 .I 

. 003.55 

.<h >356 

.00356 

0.8 

0.08380 

.<x 839 o 

.(x8|(k» 

.<x8|io 

.o8.|20 

9.9 

11.93.3 

1 1 .919 

1 1 .'X15 

1 1 . .8< i( 1 

1 1 .187(1 

14.1 

1 4.1 

14.1 

14.9 

14.9 

o.oSi'^ 
.o8.i(i 
.08 S 7 
.08 18 
.0849 

o.nRifx) 

.08470 

.08480 

,o 84 *x) 

.08500 

T0,0 

1.00357 

.00.3.58 

.00359 

.00360 

.00361 

0.8 

0.9 

o,<x 8|30 
.<x8i (0 
.08459 
.(X 8 |(i 9 
.08170 

9.9 

ri.H |9 

•1.835 

ir.821 

11.-897 

14.9 

t. 3.9 

13.9 
13.9 
13.8 

o.aSso 

o.oRsto 

ro,o 

1. 00361 

0,9 

0.084H0 

9.9 

' 1.793 


u 

tnn nil u 

w F«' 

SBC Od u 

« Fo' 

sin ad II 

F«' 

oao oil II 

w Fo' 


Smithoonian TADLSa 


104 


Natural Hypsrbolic Functions. 


11 



cos It u 

mm 

(anh u 

« Fo' 

■miil 

Mi 

0.0850 

0.08510 

10,0 

1.00361 

0,9 

0.0S480 

9.9 

n.793 

13.S 

.0851 

.08520- 


.00362 


.08490 


11.779 

13.8 

.0S52 

.08530 


.00363 


.o 84 i» 


11.765 

13.7 

.0853 

.08540 


.00364 


.08509 


11.752 

13,7 

.0854 

.08550 


.00365 


.08519 


11.738 

13.7 

0.0855 

0.08560 

10,0 

1.00366 

0,9 

0.08529 

9.9 

11.724 

13.6 

.0850 

.08570 


.00367 


.0S539 


n.711 

13.6 

.0857 

.08580 


.00367 


.08549 


11,697 

13.6 

.0858 

.08591 


.00368 


.08559 


11.684 

13.6 

.0859 

.08601 


.00369 


.08569 


11.670 

13.5 

0.0860 

Q.0861I 

10,0 

1.00370 

0,9 

0,08579 

9.9 

11.657 

13.5 

.0861 

.08621 


.00371 


.08589 


11.643 

13.5 

.0862 

.08631 


.00372 


,08599 


11.630 

13.4 

.0863 

.08641 


.00373 


.08609 


11.616 

13.4 

.0864 

.08651 


.00373 


.08619 


11.603 

13.4 

0.0865 

0.08661 

10,0 

1.00374 

0.9 

0.08628 

9.9 

11.590 

1 . 3,3 

.0866 

.08671 


.00375 


.08638 


11.576 

13.3 

.0867 

.08681 


.00376 


,08648 


11.563 

13,3 

.0868 

.08691 


.00377 


.08658 


ii.SSO 

13.2 

.0869 

.08701 


.00378 


.08S68 


11.536 

13.2 

0.0870 

0.08711 

10,0 

1.00379 


0.08678 

9.9 

11.52.3 

1 . 3,2 

.0871 

.08721 


.00380 

^H|H 

.08688 


11.510 

13,1 

.0872 ■ 

.08731 


.00380 


.08698 


11.497 

13,1 

.0873 

.08741 


.00381 


.0S708 


11.484 

13.I 

.0S74 

.08751 • 


.00382 


.08718 


11.471 

13,1 

0.0875 

0.08761 

10,0 

1.00383 


0.08728 

9.9 

n. 4 S 8 

13,0 

.0876 

.08771 


.00384 


.087.38 


11.445 

13,0 

.0877 

.08781 


.00385 


.0S748 


11.432 

13,0 

.0878 

.08791 


.00386 


.08758 


11.419 

12,9 

.0879 

.08801 


.00387 


.08767 


11 .406 

12.9 

0.08S0 

o,o88ii 

10,0 

1.003^ 


0.08777 

9.9 

11.303 

12,0 

.0vS8i 

.0882 1 


.00388 


.08787 


11.380 

12,8 

.0882 

.08831 


.00389 


.08797 


11.367 

12,8 

.0SS3 

.0^1 


.00390 


.08807 


11.354 

12,8 

.0884 

.08832 


.00391 


.oS 3 i 7 


ri.342 

12,8 

0.088s 

0.08862 

10,0 

1.00392 

0,9 

0,08827 

9.9 

ir.320 

12,7 

.08S6 

.08872 


.00393 


.08837 


rr.316 

12,7 

.0887 

.08882 


.00394 


.0^7 


11.304 

12,7 

.0888 

.08892 


.00395 


.08857 


II .291 

12,6 

.0889 

.08902 


.00395 


.0^67 


11.278 

12,6 

0.0890 

0.08912 

10,0 

1,00396 

0,9 

0.08877 

9.9 

11.266 

12,6 

.0891 

,08922 


.00397 


.08886 


ri.253 

12,6 

.0892 

.08932 


,00398 


.08896 


11.240 

12,5 

.0893 

.08942 


.00399 


.08006 


11.228 

12,5 

.0894 

.08952 




.08916 


11. 215 

12, s 

0.089s 

0.08962 

10,0 

1,00401 

0,9 

0.08926 

9,9 

11.203 

12,5 

.0896 

.08972 


.00402 


.08936 


11 . 191 

12,4 

.0897 

.08982 


.00403 


.08946 


11.178 

12,4 

.0898 

.08^2 


.00403 


.08956 


II. 166 

12,4 

.0899 

.09002 


.00404 


.0^66 


ir.153 

12,3 



10,0 


0,9 

0.0^76 

9,9 

11.141 

.. 12.3 


tan gd u 

01 Fo' 

seo gd u 

w F*' 

sin gd u 

» Fq' 

C$0 ad u 

to Fo' 


Smithsonian TASLta 


105 















Natural Hyperbolic 




sinli 11 

0.0900 

0,09012 

.0901 

.tM)0J2 

.01)02 

.09032 

.0903 

.(X)042 

.(X)04 

.09052 

o.O(X)5 

0.09062 

.oyiX) 

.(XJO72 

.(X)07 

.1X9082 

.oijoH 

.oyot)2 

.0!X)9 

.09103 

0.0910 

0.01)113 

.091 1 

•IX) 1 23 

.0912 

■05)1.33 

• 05)13 

.01)143 

.0914 

.09153 

0.01)15 

0.09163 

.0<)i6 

.09173 

.01)17 

.09183 

.0918 

.09193 

.0919 

.09203 


0.09213 

.09223 

.09233 

• 05 ) 2.13 

.09253 

0.09263 

•0<)273 

.092H3 

.Of)2<)3 

■09303 


0.0930 0.09313 


0.0935 0.09364 
■oy,l6 .09374 
.0937 .0938.1 

■ 09.^8 .CKJ394 

.0939 .oy.104 

0.0940 0.09414 


0.094s 0.09464 
.01)46 .09474 

.0947 .09484 

.0948 .00404 

•0949 .09504 

0.09S0 0.09514 


u (nn fld u 


Smithbqnjan Tabu* 


1.00405 

.004(X> 

.(X)4()7 

.<x)4o8 

.00409 

f .00410 
.00411 
.00412 
.00413 
.01x413 

1.0)414 

.00415 

.00416 

.00417 

.00418 

i.(X)4n) 


10,0 1.00423 
.00424 
.00425 
.00426 
.00427 

10,0 1.00428 
.00429 
.00430 
.00431 
.00432 

10,0 i.(X )433 
.00434 

.004.35 

.01x136 

.00436 

10,0 1.00437 
.0043H 
.00439 
.00440 

.00441 

10,0 1.00442 

.01X143 

.00444 

.00445 

.00446 

10,0 1.00447 
.00448 
.00449 

.00450 

.oaisi 

10,0 i.oaisa 


w Pl>' MB ad u 


0,9 0.08976 


o.of;o75 


0 . 01)174 


0.1XJJ73 


0.1x9323 


O.W372 


0,09422 


0.0947a 


Ffl' tin ad u I u Fji' 


oto ad u 


10(3 

























Natural Hyperbolic Functions. 


(0 F(/ oqbIi II I w Fo' (anh u u Fo' 


o.()().|7a 

• OfMOl 

.01)55 < 
.01)501 

o.o<)S7i 

.Of)^! 

.«>!).S0O 



0 . 0<)75 

.Oi)77 

.CK» 7 « 

.t)<)7y 

O.CKjfiO 
.()<)« I 
.(ii)Kj 

o.(><)H 5 

.ogSO 

.ogH; 

.oi)Sy 

.cMjgi 

A^m 

o.o<x)5 

.0!X)7 

.txyyp 


.o‘;o.V> 

.(KW.iO 

.O!,):)50 

o.o'X/jTi 

.(KX)7/i 

.o<>()()7 
. 10007 



o.o()7M) 
.«X)7iJ!) 
•097, l‘> 

.<M)7.1«) 

.(H>7SU 

0.(M)7rn) 

Ax.)77{> 

.(h) 7HH 

.fH)7()H 

.oySoH 



o.iooo 0.10017 10,1 


tan a<l u w Po' *00 od u 


o.mjHfia 

.(H)«7H 

.(x>SHH 

.0!>S«)7 

.09907 

o.oo<)i7 

.09927 

.«XJ 37 

.Ofx>l7 

.09937 

0.09967 


M P/ I *111 gii u 























Natural HypcrhoHc FuiictioiiH. 


II 

sinii u 

U Fo' 

cosh II 

« F..' 

tniih It 

ii. I-,/ 

iiiiMi 11 


Oilfln 

0.10017 

TOO, 5 

I .00500 

10,0 

o,o<XJ<*7 

99.0 

1<9<>.1,I3 

9'/), 7 

. lOl 

. 101 17 

100.5 

.(K)5IO 

10,1 

. iiK>:>.'. 


'99,1 |9 

977.9 

• lOJ 

.10218 

I{K>,5 

.(X).521 

10.2 

. u>Ui5 

99,1) 

••'3/') 

957.') 

■ ic>3 

. 1031.S 

1(K),5 

.00.531 

10,3 

. U).:0| 


• 71.1'* 

<).19..| 

.10.1 

.IttllQ 

100,5 

.00541 

10,4 

■ 10.103 

1X8,0 

, 1 1.‘;( K 1 

92 1,2 

o.ios 

0.10519 

100,6 

I .00552 

10.5 

0. 10 4(>.’ 

i|8,o 

9..5:..'!.8 

'.'".1.7 

. lo.) 

. 10()20 

100.6 

.(X)5<»2 

10.(1 

. I05<A) 

<>8,0 

• lO*).! 

.'v8:),7 

.107 

. 10720 

100.6 

.<X>573 

10.7 

. u»;i.s«) 

9.8,0 

.3814 

879,1 

. loK 

. 10821 


.ix). 58 i 

10,8 

, 10758 

'>8„8 

.20.52 

.851.9 

. loy 

. 10922 

IOO,() 

.00.595 

10, 9 

. U)«.57 

'>8,8 

. .1 1 Ov' 1 

838,4 

O.IIO 

O.U022 

100,6 

1 .iX)(X)!i 

1 1,0 

0. I<K)5(> 

«>8..8 

9' 127.5 

823.1 

.III 

.11123 

ukj,6 

.ixX»l7 

11,1 

• 1 1"55 

i>8.8 

.0|90 

8118, 1 

.112 

. 1 1223 

i(x>,6 

.00(128 

M,2 

'.11 1.53 

98,18 

8.0950 

79,1.') 

• I '3 

. 1 132*4 

100,6 

.(X>(>.39 

11,3 

. 1125.! 

08,7 

,8872 

779.8 

.ii.[ 

.11425 

UK), 7 

.(KK')5I 

11.4 

.11.151 

‘A7 

.8ik,o 

7(»9.1 

0.115 

0.11.525 

i<x).7 

1.0(XX»2 

n,5 

0. 1 1450 


8.7,11" 

752.8 

.Ii6 

. 1 1()2() 

100,7 

.IX)(>74 

n,(i 

. 1 1548 

98.7 

.('593 

7,19.8 

.117 

.11727 

100,7 

.(X)rhS5 

11.7 

.11047 

';8,(i 

.58 10 

727.2 

.iiH 

. 1 1827 

ux),7 

.IH).'»(47 

11.8 

.11740 

'>8,(1 

..51.1') 

714.9 

■ iiy 

.11928 

i(X),7 

.(X)7iK3 

M.9 

.1(8 II 

98,(1 

-1 1,10 

702,8 

' 0. 120 

0.120214 

100.7 

I.(K)72I 

12,0 

0. 1 19 13 

(>8,0 

8. .17,1.1 

(ii)l,i 

.121 

. 12130 

1(H), 7 

.007.13 

I.M 

.I.»)|( 

98.1. 

..1' M‘8 

('79,7 

.122 

. 12230 

100.7 

•0074.5 

12 ,.! 

.12(40 

9 ' 8.5 

• •M7.1 

f,:iN „5 

,123 

.12.131 

ux ),8 

.007.57 

I2..1 

. r2.!38 

«x 8 ,.s 

.17111 

6,57.7 

.124 

.12432 

i<x ),8 

.<H) 77 o 

I 2 ..| 

• 12.1.17 


.1058 

647.9 

0.125 

0. 125.33 

100.8 

I.(K) 7.82 

12.5 

0. 124.15 

9H..5 

8,o|U) 

(',l(>i 7 

. I2() 

. 120.33 

l<X),K 

.<x) 7 o 5 

I2,() 

.12.531 

<;8.,i 

7.';78>1 

(120,(1 

.127 

.127.14 

IIH>,.S 

.(K).8ii8 

12.7 

. 1203.: 

'? 8,4 

• 'iiii.l 

(110,7 

. 12.4 

. 12835 

I(mi,8 

.(H).8,'o 

r2..8 

.12731 

'.8,4 

.85111 


.I2y 

■ 129.16 

UK), .8 

.(HK833 

12.9 

.128.10 

98,4 

• 791 '; 

.597, () 

0.130 

0. 13037 

100,8 

1 .<x).84() 

13.0 

0. 1.!*).l7 

98,3 

7 •7,1.5'' 

588,4 

.131 

• M 1.14 

KK),9 

.<k) 8.59 

1.1.1 

. (.30.!() 

<8,3 


‘ 170,4 

.132 

• 1.1238 

100.9 

.(X ).872 

13.2 

.13121 

<;8,.i 

.0107 



.t. 1 . 1.19 

100, () 

.<x>8H0 

13.3 

, t3.!.!2 

'8.3 

• .5' 1.1 1 

'iO.!,0 

.134 


100,9 

.(KK899 

M.4 

.1.1.120 

'8.2 

.5073 

.553,6 

«-T3.'5 

0. 1.3541 

100,9 

i.(X)9r3 

13.5 

0.1.31(0 

•j8,.; 

7- l.5-'4 

';4 5..i 

.I3<> 

. 1.3642 

100.9 

.0092() 

13.6 

,1.1517 

'> 8 ,.* 

.3<82 

537,3 

• 137 

. M74.1 

r(X),9 

.(XH)40 

13.7 

.1.1015 

08,1 

-.1 1 1') 


134 

.i.1«14 

101,0 

.<xx)54 

13.8 

.137M 

08.1 

..ro2 \ 


•1.19 

•WI.S 

101,0 

.LXxyfhS 

1.1.9 

.i.i8n 

‘8,1 

.2|')5 

.514..I 

0.1.|0 

0.140.16 

101,0 

i.n()«xS2 

14.0 

0. 1.IOIHJ 

'8,1 

7. 1895 

1 

.141 

.14147 

101,0 

.(x)(}(>.'i 

l.|,l 

,I.J(X)7 

'>8,0 

. i.l<;i 


. I.[2 

.l.|2.|8 

101,0 

.OIOIO 

14.2 

.14105 

'8,9 

.' 180,5 

•I').!, 6 

. 1-13 

• 14.149. 

101,0 

.01024 

l.|,3 

. 14.X)3 

•8,0 

.94011 

485.7 

.14.1 

. 14450 

101,0 

.010.19 

l-i.4 

.14.101 

‘> 8,0 

6.90.14 

•178.0 

O.T45 

0.14.551 

101,1 

I .0(053 

I.I.6 

0.14.3'/; 

97.'; 

6,1)1 18 


.14(1 

. 14652 

ID1,T 

•OloThS 

1-1.7 

.14407 

')7.9 



.147 

• 147.S.I 

101,1 

.01082 

M.« 

.14.595 

<.7.'; 

.8.517 


• 14“ 

.I4«.54 

101,1 

.010147 

1.(.9 

, i.Kx;3 

'l/.H 

.Hix'mi 


.149 

■ 14955 

101,1 

.01112 

1.5.0 

.i-17'.;i 

978 

.7(110 

447.1 

o.iso 

0.15056 

IOI,I 

1.01 127 

15.1 

0. (.1889 

978 

6.7166 

.141,1 

u 

tnn ad u 

w Fo' 

800 gd u 

w Fo' 

tin gil II 

w F,/ 

010 O'l u 

U) Fg' 


Smithsonian Tables 




Natural Hyperbolic Functions, 



0.19115 
.19216 
.19318 
. 19420 
. 19522 

0.19624 
. 19726 
. 19828 
. 19930 
.20032 

0.20134 


01 Fa' cosh u ' 


1.01127 
.01142 

.01157 

.01173 
101,2 .OI18S 

101,2 1. 01204 

101,2 .01219 

101.2 .01235 

101.3 .01251 

101,3 .01267 

101,3 r. 01283 

101,3 .01299 

101,3 .01315 

101,3 .Q1331 

101.3 .01348 

101.4 r. 01364 

101,4 .01381 

101,4 .01398 

101,4 .01415 

101,4 .01431 





1. 01535 
.01553 
.01571 

.01588 

.01606 

1.01624 

.01643 


1.01716 

.01735 

.01754 

.01772 

.01791 

1.0x810 

.01830 

.01849 

.01858 

.01888 

1.0x907 

.01927 

.01947 

.01967 

.01987 

1.02007 



tan gd u &> Fa' sec gd u 


0.15377 

.15475 

.15572 

.15670 

.15767 

0.15865 

.I59^»2 

.16060 


IKTMI 


o. 16352 
.16449 
. 16546 
.16644 
.16741 

o. 16838 
• 1693s 
.17032 
.17129 
.17226 

0.17324 

.17420 

•17517 

.17614 

.17711 

O.I780S 

.17905 

.18002 

.I809S 

.18195 

0.18292 
.18388 
.18485 
. 18582 
.18678 

0.1877s 
.18871 
. 18967 
.19064 
.19160 

0.19257 

.19353 

.19449 

.19545 

.19641 

0.19738 


sin gd u 



5.6154 

.5851 

.5550 

.5253 

.49C0 

5.4669 

.4382 

.4098 

.3817 

.3539 


5. 1930 
. 1672 
. 1416 
.1163 
.0913 


Smithsonian Tables 


109 




















Natural Hyperbolic Fnuclions. 



i.o-'ooy 

.ojojy 

.o_>o.|7 

.OJOflfi 

.o»«o8« 



20.1 o.iy7.?8 

20.2 . lij.S.M 

20 , . 2002 .'> 

20.5 .20122 

20.6 0.2021S 

20.7 .2ojrj 

20.8 .20.|(N) 

21.0 . 205(»5 

21.1 . 20 ( X )1 


o.20('H)y 

.207(12 

.2 <xS8 S 

.20oSt 

.21070 


0.21175 

.21270 

.215(6 

.2I.|6( 

0.21652 

.217.17 

.21812 

.21058 


22,6 .22055 


0.22128 

;St8 

.22.115 

.2250S 


0.22t>05 

.22(j(^ 

.22.887 

.2208.) 


25.7 0.25077 

25.8 .25171 

a.V.) .252(6 

2.1.0 .25561 


0.25.550 
.25611 
.2.5758 
• 2.5855 

.2,5927 

0.2.}02l 

.2,1115 

.2.j210 

.2.1501 

.2.1398 

0.2.1/192 


iln utl u 
























Natural Hyperbolic Functions. 


























Natural Hyperbolic Functions. 


u 

slut) 11 

w Fo' 

ocial^ u 

o.3.'>o 

0.3.5719 

10(3,2 

i.c/nHiH 

• a.'ii 

.3.5H..‘5 

10(>,2 

.0(»224 

.35.1 

..3.5931 

H)(>,3 

.0()25<> 

.3. '53 

.3 ^h )38 

ioO,3 

.of>295 

• 351 

.. 301-14 

1U0,3 

.01)332 

0.353 

(>.3f):’50 

TnO,4 

I .06368 

.350 

.30357 

I0(),.| 

.o(l]04 

.357 

.3<M03 

IOf),.l 

.ol>440 

.3.5H 

■ .3O570 

loO.s 

•o().|77 

•3.59 

.3(')(i7(i 

10(1, s 

.0(>S14 

o.3<x) 

0.3O783 

loO/) 

1 .06550 

.3<>i 

.39889 

io(),0 

.01)587 

.30-! 

.3(«/j() 

i()(),0 

.Ol)()3.| 

• 3' '3 

.371'>2 

io(i,7 ‘ 

.Ol>l)l>I 

.3<).l 

.37-’09 

100,7 

.01)698 

0.3<>5 

0.3731O 

100,7 

1 .06736 

.3<'(' 

.374^3 

ioO,8 

.{>1)773 

..3<»7 

■ 37.5.19 

(09,8 

.ot)8io 

.36H 

.37O3O 

10(1,8 

.ofWiH 


.37743 

ioO,9 

. 01)881) 

mm 

0.37850 

ICX),9 

I .o 6<)23 

■ia 

■37957 

107.0 

.dxjlli 

.373 

.3H0O4 

107,0 

.()(H)99 

.37.3 

.3H171 

107,0 

.07037 

..37'[ 

.38.378 

107,1 

.0707I) 

0.37.5 

0.38,38.5 

107,1 

1.0711-1 

..370 

■ 38-19^ 

107,2 

.07152 

.377 

.3 Hs <>9 

107.2 

.07191 

.37» 

.38707 

107,2 

.07230 

.37y 

.38814 

107.3 

.0721)8 

0.380 

0.3H9.31 

107,3 


..IHJ 

.390.18 

107.3 

BRyiVnl 


..30130 

107.4 

HSTiuxI 

.383 

..39-’43 

107, .1 

.07425 

.38-1. 

.39351 

107,5 

.074<>-i 

0.385 

0.304.58 

107.5 

1.07503 

..388 

..39.5f)<) 

107.S 

.07S-I.3 

..387 

.3'X>73 

107,(1 

.07582 

.388 

■ .39781 

107,0 

.07622 

• 38<; 

.39889 

107,7 

.07662 

0.3fX) 

0..3‘X>‘X> 

107,7 

1.07702 

.3?;i 

.4010.1. 

107,7 

.07742 

.30^ 

..10.2 1 a 

107,8 

.077.82 

.393 

.40319 

107,8 

.07822 


.40427 

107,9 

.07863 

0.39.5 

0.4053s 

107,9 

1.07903 

.31/' 

.40^M3 

107.9 

.0794-1 

..397 

.40751 

108,0 

.07<Xi.l 

.3f>8 

.40859 

108,0 

.08025 

.399 

.409O7 

108, 1 

.08066 

0.400 

0.4107s 

108,1 

1.08107 

M 

Inn ad 11 

w Fo' 

too Od II 


Smithsonian Tabi.ks> 


« Fo' 

tnnh u 

u Fa 

coth u 


, 3 . 5.7 

0.3.3638 

88.7 

2.9729 

78,4 

35.8 

.33720 

88,6 

.<X)5i 

77.9 

35,9 

..3.3815 

88.6 

.9573 

77,5 

36,0 

. 3 . 39 i >3 

88.5 

. 9 - 1 <X) 

77,0 

36*1 

.33992 

88,4 

.9419 

76,5 

313.3 

0.34080 

88.4 

2.9343 

76,1 

36,4 

. 34 i <'9 

88.3 

.9267 

75.7 

36,5 

.34257 

88.3 

.9191 

75.2 

36,6 

.. 34.345 

88.2 

.0116 

7 X .8 

3 <i )7 

.34433 

88,1 

.9042 

74,3 

36.8 

0.34521 

88.1 

2.8068 

73,9 

369 

.. 34<>09 

88.0 

.8894 

73 .S 

37 .« 

. 34^*)7 

88.0 

M21 

73.1 

37.1 

.34785 

H7.9 

.8748 

72,6 

37 i 2 

..34873 

87.8 

.8675 

72,2 

37.3 

0.34<)6 i 

87.8 

■3.8603 

71.8 

37,4 

. 3 . 50-19 

H7.7 

.8532 

71,4 

37.5 

.35136 

87,7 

.8.160 

71,0 

37.6 


87.6 

.8390 

70,6 

37.7 

.35312 

. 87,5 

.8319 

70,2 

37.9 

0.35.399 

87,5 

2.^9 

69,8 

38,0 

.35487 


.8180 

(XM 

3 «.i 

..35574 


.8110 

60, 0 

38,2 

.35661 

'MiM 

.80.12 

68.6 

38,3 

.35749 


• 7973 

68,2 

38.4 

0.358.36 

87.2 

2.7905 

67.9 

.38.5 

.35923 

87,1 

.7837 

67,5 

38.6 

.36010 

87.0 

.7770 

67,1 

.38,7 

.36097 

H7.0 

.7703 

60,7 

3B.8 

.36181 

86.9 

.7637 

66,4 

38,9 

0.36271 

86.8 

2.7570 

66,0 

39.0 

..363.58 

8l).8 

.7505 

65,7 

,39.1 

.36.144 

86.7 

'•7439 

65,3 

39.2 

.36531 

86.7 

• 7374 

6.1,0 

39.4 

.31)1)18 

86,6 

.7309 

6-1,6 

. 39.5 

o. 367 ai 

86.5 

2.724s 

64.2 

39 .^> 

.36791 

8i).S 

.7181 

63,9 

39.7 

.36877 

86,1 

.7117 

63,5 

. 39.8 

.36963 

86,3 

.705.1 

63,2 

39.9 

.37050 

86,3 

.fHXli 

62,8 

40.0 

0.37136 

86.2 

2.6)28 

62,5 

40,1 

.37222 

86,1 

,(m 

62,2 

40,2 

.3730.8 

86,1 

.1)804 

61,8 

40,3 

. 37 , 3 <>l 

^0 

.6742 

61, S 

40,4 

.37480 

86^0 

.6681 

1 61,2 

40,5 

0.37566 

8 S ,9 

2.6620 

60.9 

40,6 

.37652 

8S.8 

.6559 

60,5 

40,8 

.377,18 

85.8 

.6.199 

60,2 

40,9 

.3782.1 

8 S ,7 

.6438 

59.9 

41.0 

. 3 W 

8 S.6 

,6379 

59,6 

41.1 

0.3799s 

85,6 

2.6319 

S 9.3 

» Pol 

■in gd u 

« Fo' 

010 gd M 

W Pc' 


II3 



















Natural Hyperbolic KimctloiiH. 


O ./|00 0 ./I 1075 


0.405 o.4irtifi 


0.410 0.42158 


0.415 0.42702 

.4i<‘ . 42 «to 

.417 .4^>n) 

• ‘ItH .45028 

• ‘IKJ .43137 


0.420 

•0.43246 

.421 

■ 43.155 

.422 

. 434^1 

.423 

.4357.1 

.424 

. 43(>82 

0.42s 

6 . 4.1791 

.426 

■ 4 . 1 <X >0 

•427 

.4-|0(x> 

.428 

■ • 1 -IH 9 

.429 

.4.(228 

0.430 

0.4-1.137 

•431 

. 444-17 

■432 

.■145.56 

■ 433 

. 446 f >6 

•434 

■ 4-1775 

o «435 

0.448.85 

.436 

. 44 ‘y>S 

.' 1.17 

■45104 

-1.18 

•4.5214 

■439 

• 45 . 12.1 


!o8,i 1.0.S107 

108.1 .(hSi48 

108.2 .<xSi<x) 

108.2 .08231 

108.3 .08-72 

10.8.3 1.0831.1 

Hk8,4 .08350 

10.8.4 .08307 

I{k8,4 .08430 

108,5 .0.8481 


r. 0.8523 
.o.85(ifi 
.o.8.'kT8 
.o8.'i5o 
.08603 

1.0.8736 
.08778 
.0.88.' I 
.(K8,8fi4 
.o 8 {X )7 

1 .08050 
.o 8 o ()4 
.0<xi37 
.o<xiKi 

1.09168 

.0(WI2 

.(H)256 

.0()3Of> 

. 09 . 44-1 

1 .0()3R8 

.o<)m 

.<*>177 

.<*9567 

1.09611 

.0iy»56 

.o<)7m 

. 097-17 

.097f>2 

1. 09837 
.09.883 
.09*12.8 
• 0997-1 
. 10020 

1.10066 

.10112 

.10158 

.10204 

.10251 


o.37‘>'J5 

. 38 (h 8 () 

. 38 i<i() 

..4.8..'51 

. 583.17 


0.3.812.- 

8.5,.! 


..{85<»7 

.85,.! 


..185*12 

85. 1 

. <;i)i 

..1.8:177 

85,0 


.38702 

85.0 

.‘17'j8 

O..I.88.I7 

8|,'i 

2 -57 12 

..1.8932 

•8 1,.8 

.5(v''9 

• .1*1917 

8|.H 

..59,10 

..I'UO.J 

8 1.7 

•,5,57-1 

..19180 

8.|,() 

..'i.'il'l 

0.39271 

84,6 

•2.5 (O.i 

• 3‘).1.56 

■81..5 

..5 1*1*1 
■ .5,155 

.391(0 

81.4 

•39524 

81.4 

. 53* 1 1 

•39<i<x; 

8|..l 

■ 5-:i7 

o.. 1<>69.1 

81.2 

2.'ii‘i3 

.,19777 

«l..! 

■ 5140 

..1<>.86i 

81.1 

..5087 

■ 3‘yK5 

8|,o 

■ .'I'MI 

.40029 

84,0 

■ ■('>82 

0.40! 13 

8,1.9 

J., 19.19 

.40017 

81,8 

•4877 

.4 ().'Hi 

8,1,8 

.48.1(1 

• -10.165 

8,1.7 

■ 477-1 

.40449 

83.6 

■■1723 1 


0.4-13.17 109.4 1.0(13H8 4.1,3 0.40512 

• •1-14-17 109.4 .0*)1.1.1 44.4 ..[ufiKi 

•■14556 io;>.5 .<*n77 .14.6 ..,o'h>o 

.446f)r) iofi,5 .(Kl.sai 44.7 ,40781 

•4-1775 109.6 ,(K9567 4.1.8 ..|o8'.(, 

0.448.S5 I0f),6 1.09611 .41,9 0.40*110 

.44995 109,7 .0iyi56 45.0 .. Ki 2 

..45104 uy),7 .o<)7m 45,1 ..iHK 

.4.521.1 io().7 .09747 45.2 ,41 tw 

•45.12.1 109,8 .09792 .15.3 ,.|i:.'.82 

0.45434 109.8 t.oite 45,., 0.41364 

. 45543 i<y;.9 .w>883 45,5 4 

•45653 i<x>,9 .09‘>28 45.7 ..j,.;,,, 

.4.5763 110,0 .OIX97-1 -15.8 ,41611 

■ 4.5073 110,0 .10020 45,9 

0.4.5983 110,1 1.10066 46,0 0.41778 

•46093 110,1 .10112 46,1 . .11861 

.462ai 110,2 .10158 46,2 ..la,, 

.46314 110,2 .10204 46.3 ,42025 

.46.124 110,3 .10251 4(1,4 ..(2io8 

°-‘t6534 110,3 1.T0297 46, .5 0.42190 

Ian all u » Fo' fioo Qil u w Fo' alti oil 41 " 


a..19.|6 

.. 188*1 

..1H|2 

•. 170 .'; 

..1749 


oto git II 


Smithoonian TftBua 



Natural Hyperbolic Functions. 



























Natural Hyperbolic FtinctioiiK. 


u 

sinh II 

<•» F(' 

cosh H 

wF..’ 

lAiih II 

... il' 

colli II 

- I-,,' 

0 . 500 

o.52r 10 

n2,« 

1.12763 

.52.1 

O..J<i2l2 

78.1 

2. 1610 

.((*,8 

.501 

.52JJ2 


. 12815 

52,2 

..j(i2i;o 

78,1 

■ K'ti.t 

.(",7 

..“iOJ 

•.5AU5 

»I2,9 

.12.S07 

52..I 

.403(,() 

78,5 

. I .S'lh 

3"..'i 

• .w 

.52|4« 

112,9 

.I2«1I9 

52.4 

•46147 

78.1 

• I.S.f'i 

.((’.4 

.50.1 

.5.^501 

113,0 

. 12972 

52.0 

..l<i52i» 

78, ( 

• 1403 

.(0,2 

0.505 

0.. 52074 

113,0 

I . 13025 

.52.7 


78,3 

2. 14.57 

3 (mi 


.527.V 

I Mil 

. 1.1077 

52.8 

..|(iU'>2 

78,2 

. I.l-M 

.(5,0 

.507 

. .52<.H)» 

11.11 

1 .131.10 

.52.9 

.40700 

78, 1 

. 1 38; , 

35.7 

.50H 

..5301.1 

1 M.2 

.l.1l«3 

53.0 


78. 1 

- MS" 

.l.'i.f'* 

• S09 

..5.1127 

1 112 

.132.10 

5.1.1 

..11.917 

78,1 1 

• 1314 

3.5,1 

0.510 

0..5.12.K) 

ll.ll.l 

1 . 13289 

.53,2 

o..|rH)(i5 

77.0 

1.79 

.(.'(,3 

..51 1 

..5.1.15.1 

1 1 .U 

. 13343 

.53.4 

•l/O/M 

77.9 

• 1 .’ 1 1 

1 

.Si.i 

.5.1400 

1 Mil 

. 13.196 

.53.5 

. I/MO 

77'8 

I.Mi) 

.1.1" 

• 51.H 

. .5.15.'1o 

11 . 1.4 

. 13450 

.53.6 

.472..-f1 

77.7 

.”74 

31,8 

• SI-I 

. 5 .l 0;>.1 

11.15 

. MSOJ 

53.7 

• 47.»o-'> 

77, <> 

1 I.IO 

.(IJ 

0.515 

0.53,107 

11 . 1.6 

1 . 1.1557 

.5.18 

o. 47.183 

77.5 

2. I ID", 

.1 1,5 


.5.1020 

11 . 1.6 

. 1301 1 

53.0 

. 47.161 

77..5 

I1171I 

.((.4 

■ 5<7 

■ .540.11 

113.7 

. l.lW'S 

. 51.0 

.47.118 

77.4 

ID, Id 

31,3 1 

. 5 iH 

..5414« 

11.1.7 

.13719 

,54.1 

••( 761.5 

77.3 

MID.* 

.14.1 

• siy 

..542O2 

1118 

• 13773 

.54,3 

•47643 

77.3 

.Dil'k'i 

31." 

0.5J0 

0.54.17.5 

113,8 

1 . 1.1827 

51.4 

0..|777<> 

77.2 

2.IHM,| 

3.1,8 

. 5 Jr 

.544H:) 

11.19 

. 13882 

51.5 

.47847 

77,1 

.11, XK) 

33.7 


.54003 

1 1.1.9 

. 139.16 

51.6 

.47<i.M 

77.0 

.llSVl 

.1.1,.5 


..54717 

114,0 

• I39<JI 

.54.7 

..| 8 <h)| 

77,0 

.0833 

. 1 . 1 , 1 

.S.J.I 

.54831 

II.I.O 

. 1.1046 

51,8 

.48078 

76.9 

■ ll/OJ 

33,3 

0. SW 

0.. 5491 5 

114,1 

1.14101 

51.9 

0.. 18155 

76.H 

.I.IVC-O 

33.1 


..5.5059 

114.2 

.141.56 

.5.5,1 

.482.12 

76,7 

."733 

3.1," 

..5J7 

• .5517.1 

114.2 

. 14JI 1 

55.2 

..|.8i<.8 

76.7 

.D/DD 


.5-’H 

.5.52.S« 

114.3 


55.3 

.48.185 

70,(1 

■ D'.'lS 

.1.1,7 

.5-’y 

.5.5402 

114.3 

.1.1321 

55,4 

..I.S102 

76.5 

."63.5 

32, (i 

0.5.10 

0..5.55'^» 

114.1 

1 .14.177 

.55.5 

0..18538 

76.1 

2.1161).! 


.5.11 

..55O.U 

I14..I 

. 144.12 

55.6 

.18*1.5 

7(*.l 




.5.57.15 

114,5 

.I44HK 

5.5,7 

.48*9t 

7'i..i 

,ds 3,8 


■ 5.1.1 

. 55 Wh> 

114,5 

• 14.544 

5.5,9 

.487.7 

70. .J 



■ S.M 

.5.597.( 

114,6 

. I.|(HX> 

56,0 

..lasij 

7(',t 

."174 

31.9 

0.5.15 

o,50o.So 

I1.I.7 

1.1.1656 

56,1 

()..|.8.ji9 

76,1 

2.0 1 12 

'(1.8 

..5.10 

.50204 

114.7 

.14712 

.56,2 

..18)()5 

76,0 

.D|I(I 


• 5.17 

..50318 

II 1,8 

. I471>H 

56,3 

•49071 

75,0 

.0378 


..5.1H 

.50 1.11 

11.1,8 

. 14825 

.56.4 

•40147 

7.5.8 

• 1)3 1/ 


.5.1?; 

.50548 

1 14,9 

.i.iasi 

5<>,5 

•49223 

75,8 

.031(1 

31.3 

o.s.|o 

0.50653 

114,9 

1.1.(938 

.56.7 

0.4<)2<)() 

75.7 

.'J.O281 


..541 

. .50778 

1 15,0 

. f‘\m 

56.8 

• 10374 

7.5.(* 

.025 1 


• 54^ 

■ .5OH111 

11.5,1 

. 15051 

56.‘> 

..19450 

75.5 



..54.1 

.57008 

115.1 

.I 5 I(kS 

57.0 

..l«)52(i 

75.5 



■ 544 

■57123 

”5.2 

.15165 

57.1 


75.4 

.()l()I 

30, (i 

0.545 

0.57238 

”5.2 

1.15223 

57.2 

0. .19676 

75,3 

2.01 10 


..5.(0 

..57.15-1 

”.5.3 

.15281) 

57.4 

•49752 




.547 

•.5740<> 

1 15,3 

. 1.53.17 

57.5 

,.19827 




• .540 

■ 57.581 

1 15.4 

. 15.195 

57.6 

.40)02 

75,1 



■ 549 

.57700 

”5,5 

”5.152 

57.7 

-19977 

7.5,0 

.(XXK) 

30,0 

0.550 

0.57815 

”5,5 

1.15510 

57,8 

O' 500,52 

74.9 

I .*>979 

29.9 

It 

an Qi] u 

M Fu' 

(00 od II 

« Fo' 

(In gii u 

W Fo' 

oso a<( II 

W Fj' 


Smithbonian Tablub 



NnUiral HyperboUc Functions. 









u 

oinli II 

<0 F,,' 

OOflIl (1 

M Fo' 

tnnh II 

« Fu' 


o.S/Sifi 

3'.5 k 5 

I • 1.5510 

57.8 

0.50052 

74,0 


..57<iJi 

1 i;i.o 

. I. S .5118 

57, y 

..50127 

74,0 

■ 55 -i 


1 1 .5,0 

. I.50.><> 

.58,0 

. 50202 

74.8 


. iiKlfi.! 

1 1 .5,7 


.58,.! 

.50277 

74.7 

.55.| 


J 1 .S,7 

.I.57.IJ 

58..! 

•50.151 

74,6 

n.r>ri.'> 


1 1 .5i» 

I . I.580J 

.5«,t 

O..5O-126 

7.1,6 



1 1 .‘iiO 

. 1.5850 

.58,5 

. .50.5«X> 

74,5 

..‘157 

..5W).!5 

1 15.0 

. 15018 

58 .(j 

..50575 

71.4 

■ 55!^ 

..sH7.|r 

I [(i.d 

. 1.50/0 

.58,7 

..5«'»40 

71.3 

.S5!J 

.5HMS7 

li(i,{) 

• i<>o55 

s8.y 

.5072.1 

74.3 



I iO,i 

1 . 

5‘).(> 

o.. 507 i>H 

7.4,2 

.jiiii 

1 5‘J< iMjj 

1 

.1015.1 

.50,1 

..511872 

74.1 


..5«J-!05 

l Ki,.! 

. lOita 

50. li 

. .50046 

7.1.0 

..5^1 


Ii0,5 

.I1I..7.5 

.50.;! 

.51020 

7.1,0 

.5'M 


110.5 

•10.151 

5<>,4 

,5i'>y4 

73.0 


0.50.55-1 

I Ifi,.| 

I . I(».VX> 

51X6 

0.51 ilhH 

73.8 



1 10,5 

. 10450 

50.7 

.51242 

73.7 

..5fi7 

■ 5<I7J<7 

1 10,5 

. 1O510 

.51X8 

.51.115 

7.1.7 



1 lO,(t 

. IO570 

51X0 

..5i.l8«) 

73.6 


.()()()**(» 

1 10,6 

. t()(»;{<i 

<A),0 

.51462 

73.5 

0.570 

0.ftoi.l7 

116,7 

1 . 

60,1 

0.51536 

73.4 

.57J 

.Ooj.'M 

1 10,7 

, 1(1750 

<XJ.3 

.510(H> 

7.1.4 

• .57-! 

.<0.171 

I 

■ lOHio 

00.4 

.5168,4 

7.1..1 

.57.1 

►<iO,1.M7 

I K^.O 

.10871 

<«0..5 

.51756 

73.2 

.57.1 

.fKJfOl 

1 10, y 

.loyji 


.51829 

73.1 

o..';75 

0.<i07.!l 

117.0 

I.KHXM 

(io,7 

0.51002 

73.T 

..57'' 

.CoS.ttt 

117.1 

.1705.1 

<10, H 

• 5 '07.5 

73.0 

..S77 

.<0055 

117.1 

. 171 1.1 

<ii,o 

.52018 

72,0 

.57« 

.011175 

117, J 

.17174 

01, i 

..52121 

72,8 

■ 1>7‘> 

.(11 10;) 

ii7,.s 

.17-i.lO 

01,;! 

.52101 

72.8 

0.5^11 

0.O1507 

117.5 

I.I7.2‘)7 

6 i ..4 

0.52267 

72.7 

.5H1 


117.1 

.17.1.58 

6I..I 

■ 52.4.10 

72.6 


.0151,.' 

117.1 

■ .174.10 

6I..5 

.52412 

72.5 

• SlVt 

.0[ri5>3 

117..5 

.17181 

61.7 

.52481 

72,5 

..5M1 

.<11777 

117.3 

.17.5.|;1 

(il,H 

.52557 

72..i 


ii.tWHo.t 

1 17,6 

1.17(10.5 

61,0 

O.52fi20 

72.3 

.5f<» 

.(1.1C11 j 

117.7 

.17007 

(iJ.() 

.52701 

72.2 

. .'IH7 

.(ui.tu 

117.7 

.I77.!0 

(u.i 

.52773 

72,2 


.tu.!|7 

I17.« 

. I77!li 

6>',.S 

.52H4«> 

72.1 

■ 

.(u.V'5 

U'UJ 

.178.5.1 

(»-'.! 

.52918 

72.0 

o.5';o 

O.tUiM.I 

1 1 7.(J 

i. 17016 

6 j ,5 

o.52rx,‘0 

71.0 


.().!ii<ll 

1 lM,o 

.17078 

(ij,u 

.5.10.11 

71.8 



liH.ii 

. 18041 

6-67 

.5.41.43 

71.8 

-.505 

.0-’.'M7 

mM,i 

. 18104 


.,5.4205 

71.7 




. i8i<)7 

63,0 

.53277 

71.6 

0..S05 


1 18, i 

r, 18^40 

63.1 

0,. 5.4.118 

765 

■ .SO- ' 

.O51UJ 

1 18, .1 

. !8.!y.l 

6.1, 

.53.1 20 

71,5 

.,507 

■ O.uio 

118.1 

• 18.150 

('.1.3 

..53401 

7M 

. .51/^ 

.O.iijH 

118.4 

. 1K4 U) 

6.1,4 

.53562 

7U3 


.<M5I7 

1 18,5 

. 1H4H.I 

6.4,5 

.5363.1 

71.2 

n.(l<K) 

o.O.iOfis 

1 18,5 

1.18547 

63,7 

0.5370s 

7t,2 

u 

Un oil 11 

U. 

SOO fill 11 

w Fa' 

iln gil u 

« Fa' 




Smithbonian Tauleb 


II7 











Natural Hyperbolic Functlouf!. 














Nnlura! Hyperbolic Functions. 


sinli II 

<0 F«' 

<i.(i<./i75 


• <>'.)7<J7 i 



.70.111; 

.ViAR.! 

.70773 

o.7oH|.)7 

.7IO.!0 

.7H.l.i 

.7’-’^'.3 

.713H.S 

0.71511 

.71^131 ' 

.717.37 

.7i«So 

.7JiXi5 

0.7a I 
.7-*.}.30 
.7ii37.i 
. 7 ‘M 07 

. 7 J<)J() 

0.7J7.1I 

.7.!H;iH 

. 7 . 5 W 1 

.7.UI5 

o. 7 . 1 . 1 f >3 

.7.M«7 

.7.I''H 

.7.t7.3.3 

.73S()() 

I 0.7.WH-I 

.7<|i‘>y 

.7.|J3.i 

.7.|-I«J 

<).7.lt)07 

.7.173^ 

.7.IH.37 

.7.h;H-’ 

.75107 

0.73^3-5 

•75357 

.7S.|«.i 

.75<w7 

.75733 

0.75858 


tikn 0(1 II 



















Natural Hyperbolic riiticiioiiH. 




















Nnliirnl Hyperbolic Functions. 



121 






















Natural Hyperbolic Functions. 



122 















Natural Hyperbolic Functions. 



.870 .00665 



1.43797 


I 43 i 3 1 1.43300 


0.69626 

.69677 

.69729 

.69780 

.69831 

0.69SS2 

.69934 

.6998s 

.70036 

.70087 

0.70137 

.70188 

.70239 

.70290 

.70340 

0.70391 

.70441 

.70491 

.70542 

.70592 

0.70642 

.70692 

.70742 

.70792 

.70843 

0.70892 

.70941 

.70991 

.71040 

.71090 

0.71139 

.71189 

.71238 

.71287 

.7*336 

0.7138s 

.71434 

.71483 

.7153a 

.71581 

0.71630 


u Fo' I «eo fld u “ Fo' «<• « 



SMITKIONIAN Tailr* 


123 





















Natural Hyperbolic IninctioiiR. 



124 




Naturnl Hyperbolic Functlona, 



SMITHaONIAN TAOLK* 


I2S 














Naturnl Hyperbolic Functions. 













Natural Hyperbolic Functions. 


u 

sinh u 

to Fo' 

cosh u 

u Fu' 

tanh u 

«Fo' 

colh u 

IK Fo ' 


1.25386 

160 

1.60379 

125 

0.78181 

38.9 

1.2791 

6.4 


.25546 

161 

.60505 

126 

.78219 

38.8 

.2785 

6,3 


■ 25707 

r6i 

.60631 

126 

.78258 

38.8 

.2778 

6,3 


. 25867 

161 

.60756 

126 

.78297 

38.7 

.2772 

6,3 

■ 054 

.26028 

161 

.60882 

126 

.78336 

38.6 

.2766 

6,3 

1.055 

1.26189 

161 

1. 61008 

126 

0.78374 

38.6 

1.2759 

6,3 


. 26350 

161 

.61135 

126 

.78413 

38.5 

.2753 

6.3 

.057 

.26511 

161 

.61261 

127 

.78451 

38.4 

.2747 

6,2 

.058 

.26673 

161 

.61388 

127 

.78490 

384 

• 2741 

6,2 

.059 

.26834 

162 

.61514 

127 

.78528 

38.3 

.2734 

6,2 

1 .060 

1 . 26996 

162 

1.61641 

127 

0.78566 

.38.3 

1.2728 

6.2 


.27157 

162 

.617^ 

127 

.78605 

38.2 

.2722 

6,2 


.27319 

162 

.61896 

127 

.78643 

38,2 

.2716 

6,2 

.o 53 

.27481 

162 

,62023 

127 

.78681 

38,1 

.2710 

6,2 

.064 

.27643 

162 

,62151 

128 

.78719 

38,0 

.2703 

6,1 

1.065 

1 . 27806 

162 

I .62278 

128 

0.78757 

38.0 

1.2697 

6,1 

.o 56 

.27968 

162 

.62406 

128 

.78795 

37.9 

.2691 

6.1 

.067 

.28130 

163 

.62534 

128 

.78833 

37.0 

.2683 

6,1 

.068 

. 28293 

163 

.62662 

128 

.78871 

37.8 

.2679 

6,1 

.069 

.28456 

163 

.62791 

128 

.78908 

37.7 

.2673 

6,1 

1.070 

1.28619 

163 

1.62919 

129 

0.78946 

37.7 

1.2667 

6,0 

.071 

.28782 

163 

.63048 

120 

.78984 


.2661 

6.0 

.073 

.28945 

163 

.63177 

129 

.79021 


.2655 

6,0 

.073 

.29108 

163 

.63306 

129 

.79059 

37 .S 

.2649 

0,0 

.074 

.29271 

163 

.63435 

129 

.79096 

37.4 

.2643 

6,0 

1.07s 

1.2943s 

164 

I. 63565 

129 

0.79134 

37,4 

1.2637 

6,0 

.076 

.295^ 

164 

.63694 

130 

.79171 

37.3 

.2631 

0,0 

.077 

.29762 

164 

.63824 

130 

.79208 

37.3 

.2625 

S .9 

.078 

.29926 

164 

.63954 

130 

.792.16 

37.2 

.2619 

5.9 

.079 

.30090 

164 

.64084 

130 

.79283 

37.1 

.2613 

5.9 

1.080 

1.30254 

164 

1.642(4 

130 

0.79320 

37.1 

T.2607 

5.9 

.o3i 

.30418 

164 

.64344 

130 

.79357 

37.0 

.2601 

5.9 

.082 

.30583 

164 

.64475 

131 

.79394 

37.0 

.2595 

5.9 

.083 

.30747 

165 
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5,8 
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1.64857 
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5 ./ 
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•79797 
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5.7 

.094 
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133 
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.699 

.33398 

167 

.66718 

133 
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Natural Hyperbolic Functions, 


(1 

Binli II 

r,,' 

oosll II 

1 . i';ii 
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•74 
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. 153 
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•74 
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•7.1 
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•7.5 

.74.597 
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..13.i')7 
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.158 
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•75 
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.-13' >47 

•75 

.7.5027 

I . |(K) 
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'7.5 
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..13<>'.)8 

• 75 

.7.531s 

. 16.1 

.14173 

• 75 

.75459 

.163 

..14.1.19 

176 

.7.5<'<>3 

.164 

..1.1.524 

17<> 

•75718 

1 . 16.5 

1. 4.1700 

176 

1.75892 

. 166 

..|.l87fi 

176 

.7<‘037 

. 167 

..1.50.5.! 

I7(* 

.76182 

.168 

.,15.!.!8 

176 

.76327 


.•1,5.10.5 

176 

.7(1472 

1 . 1 70 

I. .15.581 

• 77 

1.76618 

.171 

-157.58 

177 

.7(1764 

.17.! 

• 4.5935 

177 

, 7(>‘X)() 

.173 

.46112 

177 

.770.56 

,174 

..16.!8!) 

• 77 

.77202 

1.17.5 

1 .4<)4<ifi 

177 

• .77.1-18 

.176 

..1<><'4.1 

177 

.77-19.5 

.177 

.4 (v 82I 

17H 

.77641 

.178 


178 

.77788 

.179 

.47177 

178 

• 779.15 

j.lHo 

I. .1735.5 

178 

I .78083 

.181 

..175.13 

178 

.78230 

.18.! 

..17711 

•78 

.78.178 

.183 

..17890 

179 

.78526 

.iHt 

,4K!1()S 

179 

.78^»73 

1 . 18.S 

1-18247 

179 

1 .78822 

.186 

.48426 

179 

.78970 

.187 

.,i8k)S 

• 79 

.79119 

.188 

.48784 

179 

.79267- 

. 189 

..itVM 

• 79 

.79M6 

i.nx) 

I. .1914.1 

iKo 

1 .79.565 

. 191 

..!«)323 

180 

.797I.I 

. 192 

.495(1.5 

i^io 

.798.64 

. 193 

,,|9^>82 

180 

.8(X>I3 

. 194 


180 

.80163 

1. 19.5 

I..5<V)13 

iHo 

1. 803 13 

. I<)(i 

.50223 

180 

.80.163 

.6)7 

..50404 

181 

.80614 

.198 

..50.584 

181 

.Hi>7(»4 

■ IW 

..50765 

181 

.80915 
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1.81066 

U 
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144 .82202 
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I4.S .822!W 

145 . 8 .! 33 I 

I|.S .82363 

I4.S .82395 
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146 .82459 

146 .82491 


i.|6 0.82587 
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•47 .82650 

147 .82.‘)82 
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•SO ,83t20 
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Natural Hyperbolic Functions. 


11 

sinli ti 

« Fo' 

oosli u 

M F«' 

iniili u 

-- F/ 

I .200 

1 . 501)46 

181 

I.8I061 

151 

0. .833.65 

30,5 

.201 

.51127 

181 

.8121; 

151 

.83.191 

.{<',5 

.202 

.51309 

181 


151 

.83421 

.11 '.-1 

• -^03 

•51490 

182 

.81519 

151 

.83457 

30.3 

.204 

.51672 

182 

.81671 

152 

.83-187 

30,3 

1.205 

1.51853 

182 

1.H1823 

1.52 

0.83517 


.20.1 

.52035 

I«2 

.81974 

J52 

.«. 1 . 5-|8 

.10.2 

.207 

.52217 

182 

.82127 

152 

.83.578 

.10.1 

.20.S 

. 524 (X) 

182 

.82279 

152 

.841x1.8 

30,1 

.2oy 

.52582 

182 

.82431 

'S 3 

.8.1038 

.10,0 

1. 210 

1.52764 

183 

1.8258.1 

'53 

O.S^liliS 

.10,0 

.211 

.52947 

183 

.82737 

153 

. 831x^8 

2<),l) 

.212 

..53130 

183 

.8281)0 

' 5.1 

.83728 

2 t ),9 

.213 

..53313 

183 

.83043 

153 

.83758 

2<).8 

.214 

.. 53 ^I!Xi 

183 

.83197 

•53 

.83788 

29,8 

1,215 

1.. 5.1679 

183 

1.83350 

1 . 5.1 

0.83817 

29.7 

.21(1 

.5386.1 

181 

.83504 

154 

.83.8.17 

29,7 

.217 

.. 540.{6 

iR| 

.83658 

154 

.«. 1«77 

21), 6 

.218 

.54230 

184 

.83812 

154 

. 83 «,x )6 

29,6 

.211) 

.54414 

i8| 

. 8396 (» 

1.54 

•839.16 

29..5 

1.220 

l.. 5 .lS 9 « 

184 

1.84121 

'55 

0.831X15 

29,5 

.221 

..5.17H2 

184 

.R1276 

'55 

.83995 

29,4 

.222 

. 549 'i 6 

i8.| 

.84430 

155 

.8402.1 

29,-1 

.223 

..55151 

185 

.84586 

1.55 

.8405,1 

29,3 

,22.1 

. 5 . 5 . 13^1 

185 

. 8.1741 

1.55 

•8.10.83 

29,3 

1. 22s 

1.. 5.5.520 

|8S 

i.8.|.Sy6 

156 

0.8.1112 

29,3 

.22(1 

.5.5705 

1K5 

.8.5052 

156 

.84142 

29,2 

.227 

.. 5 . 58)1 

1H5 

.85208 

1.56 

.8.JI7I 

29,2 

.228 

.51*076 

1H5 

•85364 

156 

..HiJiX) 

29, 1 

.221) 

.5621) I 

186 

.85520 

156 

.R|22y 

29,1 

1.230 

I. 5 gt 47 

186 

1 .85676 

1 . 51 ') 

0.8125K 

2»).0 

.231 

. 561)33 

186 

.85833 

157 

.842.87 


•2.12 

.511819 

186 

.85989 

157 

•81316 


•23.1 

..57005 

186 

.Wii46 

'.57 

•81,145 

28.9 

.234 

..57191 

186 

.86303 

157 

• 8 - 1 . 17 .I 

28,8 

1 . 2.15 

1 . 57.177 

186 

1.86461 

157 

0.84402 

2.8,8 

.226 

• 5756.1 

187 

.86618 

'.58 

.81.131 

28.7 

.237 

• .577.50 

187 

.86776 

158 

.8i.|lx) 

28,7 

• 238 

■57937 

187 

.8693.1 

'.58 

.81488 

.'18,6 

•230 

.58124 

187 

.87092 

J.58 

. 8.1517 

28,6 

I 240 

I.. 583 11 

187 

I .87250 

1.58 

o, 8 | 5.|6 


.241 

.58499 

187 

.87.108 

158 

.8457.1 

28.5 

.242 

.58(xS() 

188 

.87567 

159 

.84(X>2 

28,4 

■24.1 

.58874 

188 

.87726 

1.59 

•84631 

28.4 

.244 

.59062 

188 

.87R8S 

159 

.8-1659 

2.8..I 

1.24.5 

I.. 59250 

188 

T. 88044 

159 

0.8-16.8.8 

28,? 

. 246 

.. 594.18 

1H8 

.88203 

1.59 

,8-1716 

28,2 

.247 

.59626 

18S 

.88363 

160 
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28,2 

.248 
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189 
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160 

.84772 

28 j 

• 240 
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Natural Hyperbolic FunctioiiH, 
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sin I) u 

»F«' 

cosli II 

otF,.' 

tnnii 11 

F,)' 

I colli II 

1. 300 

1 . 6 f) 8 .i 8 

197 

I .97091 

170 

0.86172 

25.7 

I . 

• 301 

• 7 f«> 3.5 

197 

.97261 

170 

..8:ii<aS 

-M./ 

. 1 9 u 1 

. 30 J 

•70233 
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• 971.11 

170 

.8'>22.| 

25.7 

. 15')6 

-.103 

.70130 

iy8 

. 97 l >02 

170 

. 8 . 2 J 9 

25,6 

- i.soi 

•.}0.| 

.70O28 

198 

.97772 

171 

. 8)275 

25,6 

. l.S'Jl 

I .. 105 

1 . 70.S26 

198 

I- 979 -I 3 

171 

o.8.,3{H) 


1.1587 

..lOO 

.71024 
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.981 14 

171 

..8r)326 


• i.S8,| 

•307 

.71222 

198 

.9.8285 

171 

•86351 


. 1 .';>8 1 

. 3 ()H 

. 7»|20 
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.9.84.56 
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.‘ 8'*377 

25.4 

■ 1 .577 

■m 

.7iOty 
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172 
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25..1 
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.72210 
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.72415 
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25.2 
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25.1 
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• 7 .PM 
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.86579 
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.317 
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3 .onf «>7 
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1.1 17 

..VH 

• 7 . 1 .H 4 

200 
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173 


25.0 

1.14 1 
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24.9 
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1 . 320 
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174 
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..1-»i 
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. 1 5.7 
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2 . 1.7 
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1.74810 
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175 
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. . 13 f> 
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-.137 
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• 33 U 
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.() 3 () 8 <i 
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2.|,l 
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..i.iy 
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• 87 i .(3 
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..III 

. 7 vS(>f )4 
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.04401 
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23,9 
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.78 ( 7.1 
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..I'M 
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179 
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I.. 1.15 
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3.3 
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3.3 
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3 .. 3 
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. 1.1 
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Natural Hyperbolic Functions. 


1.35a 1.79009 

.351 .Ho[i 5 
.352 .80321 

.353 .H0528 

.354 *^^0734 

I . .355 80341 

.356 .81148 

.357 *81355 

.358 .8i5()2 

.359 .81769 

1.360 I. 8 1977 
.361 .82184 

.362 .82.392 

.363 .82600 

.364 .82809 

1.36.5 1.8.3017 
.3(i^j .8.3226 

.367 *83435 

.3^)8 .8.36;t4 

.369 .8.3853 

1.370 1.84062 

.371 .84272 

*372 .84483 

.373 *84691 

.374 .84903 

1. 375 1.85112 
.376 .85322 

.377 *8.5533 

.378 .85744 

.379 *85955 

:.38n i. 86166 
•,.381 .86378 

.384 .86589 

.383 .86801 

,384 .87013 

1.385 1.87225 

..386 .87437 

.387 .87650 

.388 .87863 

.389 .88076 

1.. 390 1.88289 

..391 .88502 

.392 .8S716 

.393 .88929 

.394 .89143 

1.. 395 1.893.57 

..396 .80571 


206 2.05833 

206 .06013 

206 .06194 

205 .06374 

207 .06555 

207 2.06735 
207 .06916 

207 .07098 

207 .07279 

207 .07461 

208 2.07643 

208 .07825 

208 .08007 

208 .08190 

208 .08372 

209 2.0855s 

209 .08738 

209 .08922 

209 .09105 

209 .09289 
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183 .87732 
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.88448 
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3.1 
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3.1 

.1433 

3.0 

.1419 

3.0 

.1416 

3.0 
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3.0 

1.I4IO 

3.0 
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3.0 
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2.16045 

192 
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i.v|20 1.9-1770 219 2.i8().i2 

• 431 219 .I9M7 

■ ‘123 .95209 219 .t9332 

‘I23 .95128 220 . 19527 

“I24 .9Sf).|8 220 .19723 


1.42s r. 95867 
.426 .96087 

.427 .96.VXS 

.428 .(X)S28 

■429 .96749 

1*4.10 i.() 697 o 
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222 .22086 

222 .22385 
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223 .23480 
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Natiirnl Hyperbolic Functions. 



.$(n 

,5()j 

.5<,1 .jSiMi 

1,1563 
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Natural Hyperbolic Fimctions. 
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.89203 

.71 

•9.183 1 

12,0 

.99,17 

I.-} 

l- 7-?5 

■2.717*7 

2I» 

2.89.53.1 

272 

0.93846 

I 1,9 

1 .065(1 

1.4 
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.72297 

290 

. 9007 «) 

272 

•9.1870 

1 1.9 

■ 0953 

1.1 

. 7 -’H 
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11.8 
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11.8 
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11.7 

1 1.() 
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313 .1.1814 
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Natural Hyperbolic Functions. 
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Natural Hyperbolic Functions. 
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Natural Hyperbolic Functions. 
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Natural Hyperbolic Functions. 
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Circular Functions. 
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" .10 ..■ 0 ..|[ 
47 . 0.1 
" ,17 07.<V» 
o ,17 2 H. 2 (> 

o .17 .lH.(;i 
" .1'^ o<>.54 
o ,l.‘l 40. 17 
o .1^ . 50 , 7(; 
o .10 II. 4 . 

" .to . 12.05 
*> .10 . 52.117 
" 40 1 . 1. .10 
40 .4.1.02 
'» 40 . 54 . .55 

o ,|l 15 . 1 « 

'» ,|l ,1.5. ft) 

<• 41 .5fi..|;l 
o .|.i 17 . 0*1 
0 42 .l/.fiH 

<» 42 .5H..1I 
" - 1.1 ifi.Ol 
" 4.1 .10 . .50 
<1 ,|.| (X>. 1 () 

O .|| 2 ().f <2 

O ,|| .|1..|4 
o 4.5 02.07 
o .15 22.70 
■' 4,5 .|;inl2 
O 40 Oj.y 5 


O l<‘* 24, 57 
o .|0 .1.5.20 
,|7 05.ft,i 
<• 17 2r...|5 
o 47 •I7.0'‘i 

o 4''< 07.71 
0 .|M 2.'!.. 4.1 
o .(M .(.H.fXi 
.10 (HJ..SO 
o .|0 .10.21 

o .10 .50.H.1 
o 50 II. .47 
o 50 .12.00 
o .50 52.72 
.5J 1.4. 35 

0 51 .1.4. (>7| 


Circular Vimcttons. 


O.OI.SO 

.ol.'il 

. 015.1 

. 01 -il 

.0150 

.015/’ 

. 015 ^ 

.0150 

o.okkj 

.0101 

.olfM 

.010,1 

0.0165 

.OI(«l 

.0107 

.oi<»M 

O.OIJ'O 

. 0(^1 

.Oiy.i 

.017,1 

. 017.1 

0 . 017.5 

.oi7v' 

.0177 

.0178 

.017!) 

o.oi^lo 
.oiHi 
• oiHj 
.oiM.l 
.oiSi 

o.oiM'i 

, 0 lH(i 

. 01 H 7 

.oiHH 

.oiHi; 

0.0100 
.oi<;i 
.OHW 
■ OID.l 
. 01 * 1.1 

0 .oi ()5 

.OI*X) 

.0107 

.oi!>S 

.oiy;) 


o.*)l5<xi 

.01510 

.oi5.;o 

.01.5.10 

-OlivIO 

0.01550 

.o(5i>o 

.01570 

.015K0 

.(11500 

O.OIlXX) 

.olOto 

.iiHiJo 

.016,10 

.016.10 

o.iil<i5(> 

.OKllH) 

.01670 

.oKiHii 

.oUi<;o 

0.01700 

.01710 

.017.10 

.017.10 

.017.10 

0.017.50 

.oi7<>o 

.01770 

.017.S0 

.oi7iJO 

O.Ol.SiKl 

.oDlio 

.oiH.io 

.01)1,10 

.01)1.10 

0.01)1,50 
• oiStio 
.01)170 
.oiH'lo 
.oiH';o 

o,oi<;oo 

.OMMO 

.010.20 

.01050 

.010-10 
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.ou/io 

.01070 

.oiO)lo 

.oiyoo 


~lilnhlu 


GOB 11 

» Fu’ 


0,1 

. *«)'>S8 

0,2 

(>.*)(;<>88 

.<j>a>88 

.«;9!>)D1 

•99987 

0,2 

o ,*>*>*)87 

.<m^7 

0,2 

o.<)!;9.86 

.99*;){<> 

. 999.811 

.99<)86 
. y9*)8() 

0,2 

().<7j<j86 

.99985 

.99«>85 

.yD'.As 

0,2 

C).9<,)985 

.9{A(8S 

.9!)98.| 

.9*)*)8-| 

.‘)9 j 8.| 

0,2 

‘i. 9 *w 8| 

0.2 

.9y9lil 

.‘WJ83 
• 999^^3 

0 .99<A3 

.‘;!;!>H3 

.9%'8.3 

. 1)9982 

0.2 

0.(W>82 

.i;(><;82 

.9 !)<j 82 

.99981 

.99981 

0,2 

0.99981 

.99981 

.9 <;u 8 i 

.WjHo 

.99i)8o 

0,2 

0.99980 

0,2 

ooih lu 

« Ff»' 


280,2 lO.OOWS 
^78.4 
276,6 
274.9 

273.1 

271.4 l<).900<M 

2(HJ,7 

2()8,t 

2664 
26.1.8 

263.2 |<).<X)90 li 

2 (u .6 

2 ( X ),0 

25«.s 

257.0 


O.Oimi 


2 .i 8 ,i \o.(m)3 
2.(6, 7 
2-15.3 

2.14.0 

243.6 

241.2 ll).99!)93 
23‘).<) 

2.18.6 
237..I 

236.0 


2i7ii \0>9990i 


o 51 33-97 
0 SI 54.60 
0 52 15.23 
0 52 35.85 
o 52 56. .(8 

0 53 17.10 
0 53 37.73 
o 53 . 58.36 
0 54 18.98 
0 54 39.61 

0 55 00.24 
0 55 20.80 
o 55 41.49 
0 56 02. 12 
0 56 22.74 

0 56 43.37 
0 57 04.00 
0 57 24.62 
0 57 45.25 
0 58 05.88 

0 58 26 . So 

0 s8 47.13 

0 59 07 . 7 s 
0 59 28.38 

0 59 49.01 

1 00 09.63 
I 00 30.26 
I 00 50.89 
I ot 11.51 
I 01 32.14 

I 01 52.77 
I 02 13.39 
I 02 , 34.02 
I 02 54.65 
I 03 15.27 

I 0.3 35.90 
I 03 s6.S3 
I 04 17 . IS 
r 04 . 37.78 
1 04 58.40 

I OS 19 . 0.3 
I 05 39.66 
I 06 00.28 
I 06 20.91 
I 06 41.54 

I 07 02.16 
I 07 22.79 
I 07 43.43 
1 oS 04.04 
I o 8 ' 24.67 

I 08 45.30 
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Circular FuuctiunK. 
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»Fo' 
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8. 30101 
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‘ "'8 45'.' 30 

.OJO 
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.OJOl 

.0J02< 


.y 9 -x 8 ( 


•.30.33 

213,0 

.I)!/)*) 


I O') 20 . 

.020.^ 

.020.31 


. 9997 ! 


• 3‘>74 

' 21.1.1) 

.i)<;iH) 


1 Oi) 47. 18 

.020.. 

.0204c 


.99979 


.309IX 

) 212, <) 

• 9‘)‘)9 


1 10 07., So 

0.020.=; 

().020.3( 

10,0 

0 . 99 (> 7 C 

0,2 

K.3117. 

* 211,8 
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0,1 

1 10 2,S.43 

.o.’o.' 

. 02 (X'k 




. 313 ''< 

210.8 

.=H)')<)I 


I lo .|<).(X’i 

.n.>07 

.02071 


. 99<>79 


•3159. 

20 )..8 

.1X)')I)1 


1 M o<).(\S 

.02(iS 

.02r).So 




.31.80. 

20.8,8 



1 11 30.31 

,020i; 

.02090 


. 99 y 7 » 


.3201- 

20/ ,8 

.!X/')')l 


1 11 .30.93 

o.ojio 

0 , 02 T<X> 

10,0 

0 . 1 ) 1)978 

0,2 

8., 32211 

.20-1,8 

i).*)')'j<;o 

0,1 


.021 ( 

.021 10 


. 9997 ?^ 


. 3 .f 42 r 

2o;;,8 

.';<)<j‘)o 


' I..’ I.!.'l 9 

.0212 

.02120 


.991)78 


•32 >.;i 

20 1.8 

.l/)')<,0 


1 12 8t 

.021,3 

.02130 


.99977 


• 3283 r 

20.1, <) 



1 M 1.044 

.0214 

.02140 


•99977 


• 3.1038 

202,9 

. 9 <XJ<)o 


I 13 34.07 

0.021.=; 

0 . 021.30 

10,0 

0- 99977 

0,2 

8 ..U 2 .|I 

20.}, 0 

9 . 9 XXJO 

0,1 

1 13 .34.C)) 

.0216 

.OJXM) 


•99977 


• .UI42 

201,0 

.<. 9 ‘)X> 


1 14 1,3,32 

.0217 

.02170 




• 3.1043 

.!IK ),1 

.0<)=)'X) 


1 14 33.93 

.02IH 

.O21H0 


. 9 !)') 7 (> 

• 9997 '' 


• . 3 .« 8 j 2 

1<;‘).2 

.<X)')';i> 


■ >4 .39 . 37 1 

.02 ly 

.02190 



.34011 

I<)> 8.3 

• fXXXX) 


1 i.s y /. M ) 

0.0220 

0.02200 

10,0 

0 . 99 !) 7 (> 

0.2 

8 ., 3423 ‘) 

197.1 

')-‘XX)8<) 

0,1 

1 1.3 .37 - 8.1 

.0221 

.02210 


• 9 !; 97 (» 


• 341.19 

19:*.5 

. .'811 


1 1.3 .38,, 13 

.0222 

.02220 


.‘)')') 7.3 


•34032 

o.‘ 5 .o 

.<x)<;8o 


I 11) lo.oii 

.022.3 

.02230 




i «.;7 

i'>l .7 

.'))=)8) 


I Hi .; 9 . 7 I 

.022.| 

.022.|0 


•99975 


• 3.5021 
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I 17 (X ).33 

0. 022.1 

0 . 022.30 

10,0 

0 .«)t)>) 7.3 

0,.! 

8. .1.3215 

19 . 1.0 
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I 17 20.(/i 


.022(H) 
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• 3.5407 
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.!;‘X.8) 


1 17 •! 1.58 


.02270 


. 1 ) 997.1 


• . 3 . 3 . 39 ) 
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.ixx)H) 


1 18 0.1,21 

.O22S 

.02280 


.91)97.1 


. 3 . 37-)9 

i«;o. I 

.<X)).8) 


1 18 .m,8| 

1 18 ,13.4(1 

.0229 

. 022 <X> 


• 91)974 


• 3 . 3 !; 8 :) 
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0 . 02.30 

0,023(X) 

10,0 

0 . 1 ) 997.1 

0.2 

H..3fiirK) 

l.'••8.8 

9.ixj')8‘J 

0,1 

1 I9 (l.|.(X) 


.02310 


• 9997.1 


•30357 

l.8fl.n 



1 19 2,1,72 

.02.32 

.02320 


^m7^ 


• 3''‘545 

18/*..! 



1 19 4.3. .Vl 

• 02 . 3.3 

.02.330 


•«)‘i ‘)73 


..3073.' 




I 20 n.3.07 

.02.34 

.02.340 


•99973 


• .rxyiH 

18.3.0 

.9,X)88 


1 20 2 ( 1 . (K) 

0 , 02 . 3.3 

. 02.3^i 

0.02.3.30 

10,0 

0 . 9(;{)72 
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8*37103 

1H1.8 

>.iX)>' 4 !( 

o,r 

1 20 , 17 . 2 .) 

.02.3(H) 


• 9997 -J 


.;\7 

18 1,0 

.|)<,|>8S 


I 21 07.83 

. 0 . 1.37 

.02.370 


. 9<)<)72 


.37471 

l8.1..! 

.i/xx'lfl 


1 21 .18, 4« 

.02.3H 

.02.380 




. 37 '' 5 I 
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. 02.39 
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•99971 
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181.7 
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1 i> 9.73 
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).«.''xx8>' 
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.0242 
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.024.3 

.024.30 


.*m7o 


..38.3.3:. 
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178.0 

.'XXJ87 
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.0244 

. 02.140 


•99970 


.38735 

■ 9!X>87 
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.0247 

.02.18 

0 . 024.30 

.024()0 

. 02.170 
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.Of/Xx) 


.. 3 'X>. 8 i) 

. . 3 <) 2().3 

.39111 
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17 . 3.8 

17.3.1 

.t>/;87 
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1 2 | 51.74 
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11 
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Circular Functions. 


wFu' loo sin u 


0.0300 0.03000 10,0 o.!X)(>S5 

.0301 .03010 . 90)55 

.030J .03020 .99954 

.0303 .03030 .99954 

.0304 .03040 .99954 

0.0303 0.03050 10,0 0.99953 


0 0310 0.03100 10,0 0.99952 

.0311 .03109 .99952 

.0312 .03119 .99951 

.0313 .03129 .999SI 

•0314 .03139 -99951 

0.0315 0.03149 10,0 0.99950 

.0316 .03159 .99950 

.0317 .03169 .99950 

.0318 .03179 -99949 

.0319 .03189 .99949 


0.0320 0.03199 


0.0325 0.03249 
.0326 .03259 

.0327 .03269 

.0328 .03279 

.0329 .03289 

0.0330 0.03299 

■0331 .03309 
•0332 .03319 
•0333 .03329 
•0334 .03339 


10,0 0.99949 
.99948 
.99948 
.99948 
.99948 

10,0 0.99947 
.99947 

•99947 

.99946 

10,0 0.99946 

.99945 

•99945 

.99945 

•99944 


0.033s 0.03349 10,0 0.99944 
• 033 J .03359 .99944 
•0337 .03369 .99943 
.0338 .03379 .99943 
.0339 .03389 .99943 


0.0340 0.03399 


0.0345 0.03449 


0.0350 0.03499 


10,0 0.99942 
.99942 
.99942 

.99941 

.99941 

10,0 0.99940 
.99940 
■99940 
.99939 
.99939 



8.50508 

.50{x|3 

.50778 

•50913 

.51047 

8.51181 

•51314 

.51447 

.51580 

.51712 

8.51844 


8.52496 
V .52026 


0.3 8.53140 
•53267 

• 53394 
•5352 I 

•53647 

0.3 3. 53773 

.53899 

.54024 

• 54149 
.54274 


0.3 8.54398 


144.7 9.99980 


.99980 


T40.1 9.99979 
139.6 .99979 


138.3 .99979 

137.8 9.09978 

137.4 .99978 


136,1 .09978 


135.2 .99978 


133.6 1 9.99977 


132.8 .00977 


131.6 

9.99976 

131.2 

•99976 


127,7 19.99975 
.999 
.999 


9.99974 


I 43 07.94 
I 43 28.57 
1 43 49.20 
I 44 09.82 
1 44 30 . 4 s 

I 44 51.08 
I 45 11.70 
I 4.5 32.33 
r 4 .S 52.56 
I 46 13.. 58 

r 46 34,21 
I 46 54.84 
1 47 15.46 
I 47 . 36.09 
I 47 56.71 

I 48 17-34 
I 48 37.97 
I 48 58.59 
I 49 19.22 
1 .19 39.85 

I SO 00.47 
I 50 21.10 
I 50 41.73 

I 51 02.35 

I SI 22.98 

I 51 43.61 
I 52 Oj .23 
I 52 24,80 
I 52 45.49 
I S 3 06.11 

I 53 26.74 
1 53 47.37 
I 54 07.99 
I 54 28.62 
1 54 49-24 

I 55 09.87 
I 55 30.50 
I 55 SI . 12 
I 56 11.75 
I 56 32.38 

I 56 53.00 
I 57 13.63 
I .57 34.26 
I 57 54.88 
I S 8 15.51 

I s 8 36.14 


ia;««iRq 


I 59 17-39 
I 59 38.02 
I 59 58.64 


2 00 19.27 































Circular Functions, 
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o.o.l'i.H 
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.(i,iy<i .O.lX.'iU 
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,(Mf<.! .o.iMk) 
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.(MM 1 .iM^.'io 
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.OJiM^* 
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.<x;o.7 
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.‘XXW.I 
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H.57.W 
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..57^i2.| 
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.57H.5I 
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..5H0SJ 

• SKl-!^ 
H.5B.5.15 
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.yy<J7.i 

.‘)y(J75 
•m) 7 i 

9- 90973 
-<M> 7 -i 
.9997-5 

X/)l,i 72 

•9997-5 
9.9<W72 

.9997-’ 
.9997^ 
.<rX)75 
.9<)97> 

9 -m 7 i 
.99971 
1 iHM . 99<J7i 
Ii8,« .9997> 

M7,<» .99970 

117.. '! 9 AW 70 

117,0 -mo 
116,7 .<KJ<)7<> 

1 16.. | .<XW70 
m6,i .99<)7<5 


O.O.jlXt 0.0.V.117.J 




8,5 «/m 8 

.59758 

.5«>Sf>« 

.59?)77 

.fxx)S:i 

8.6019.1 



115.8 o.w/io 
M5.-I .999^*9 

11.5.1 .9<:‘/k.) 
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Circular Functions. 
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Circular Funclions. 
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Circular Functions. 



0.99789 
.99788 
.99783 

• 99787 

.99783 

0.99785 
.99785 
.99784 
.99784 
.99783 

10,0 ! 0,99782 
.99783 
.99781 
.99780 
.99780 



8.81923 
.8i<^ 

.82054 
.82120 
.82185 

8.82250 
.82315 
.82380 
.82445 
.8251c 

7 8.82575 

.82640 

.82704 

.82769 

.82833 



8.82897 

.82962 

.83026 

.83090 

.83154 

8.83217 

.83281 

.83345 

.83408 

.83472 



g.99908 

.99908 

.99908 

.99907 

.99907 


65.2 9.99907 

66.1 .99906 

66.0 .99906 

65.9 .90906 

65.8 .99906 

65.7 9.99905 

6 s .6 .99905 

65.5 .99905 
654 .90)04 

65.3 .99904 

65.2 9.99904 

65.1 .99904 

65,0 .99903 

64.9 .99903 

64.8 .99903 


64.7 9.9990a 0,3 

64,6 .99902 

64,5 .99502 
64,4 .99902 
64.3 .99901 


64.2 g.99501 0,3 

64.1 .99901 

64.T .95500 

64,0 .99900 

63,9 .99^ 

63,8 9.99500 0,3 

63.7 .95899 
63,6 .99899 

63.S .9£^09 
63,4 .S«>898 


63.3 9-99898 

63.2 .s^8 

63.1 .99897 

63.0 .99897 

62,9 .95897 

62,8 9.99897 

62.8 .998^ 

62,7 .9^96 

62,6 .99896 

62,5 ,99895 

62.4 9.99895 

62.3 .99895 

62.2 .99894 

62.1 .99894 

62,0 .9^4 

61.9 9.99^4 


••fa logooihlu « F»' 



3 43 27.21 
3 43 47.84 
3 44 08.47 
3 44 29.09 
3 44 49.72 

3 45 10.34 
3 45 30.97 
3 45 51.60 
3 46 12.22 
3 46 32.85 

3 46 53.48 
3 47 14.10 
3 47 34.73 
3 47 55.36 
3 .iS 15.98 

3 48 36.61 
3 48 57.24 
3 49 17.85 
3 49 38.49 
3 49 59.12 

3 50 19.74 
3 50 40.37 
3 51 00.99 
3 SI 21.62 
3 51 42.25 

3 52 02.87 
3 52 23.50 
3 52 44.13 
3 S3 04.75 
3 53 25.38 

3 53 46.01 
3 54 06.63 
3 54 27.26 
3 54 47.89 
3 SS 08.51 

3 55 29.14 
3 55 49.77 
3 S6 10. 39 
3 56 31.02 
3 56 51.6s 

3 57 12.27 
3 57 32.90 
3 57 63.52 
3 S8 14. IS 
3 S8 34.78 

3 58 55.40 
3 59 10.03 
3 59 36.66 

3 59 57.28 

4 00 17.91 

4 cx> 38.54 

























Circular Fimctionfi, 


11 

sin n 

w W 

COB U 

« F,,' 

lofl tin 

11 «-• I-,,' 

toil 0(19 

It t>„' 

II 

O.O^Of 

.( V/O 

.(>7!K 

.O/t), 

.070. 

.0700. 

.0701. 

.0702. 

.0705 

10,0 

0.9975s 

■ W 7> 

• 997 . 5-1 

•99753 

•99752 

0,7 

8 . 8(47 
.8 15.1 
.815.). 
.8 llffn 
.8 172 

1 01.9 

1 (iI.O 

1 61.8 

1 (11,7 

(n,(> 

.‘>'.81,' 

.'>;8(\ 

o.-l 

1 

•1 O” 38,5,1 
•1 "" 59 . 1(1 

•1 19.79 

•1 

•1 91.01 

0.0705 

.070 

.0707 

.070S 

. 070 !) 

0.070.1. 

.0705. 

.070(1.1 

.0707.1 

.070K.1 

10,0 

o.«y) 7 S 2 

•99751 

.‘W 7.50 

• 9 ‘> 7 I 9 

• 997-19 

0.7 

8.817.8 

.8|8|. 

.8|«x)( 

.8io:i> 

.850.!.* 

6t,.5 
(>l.| 
61, .1 
(il,.! 
(11,2 

9 . 9 i;. 8 j. 

.9982 

.')')8'j 

•».,( 

-i 9-: .11.(17 
-1 9 .! -I-!, 40 
•1 9.1 9 .!. 9.! 

-1 9,1 .’, 1,55 

•1 93 .M.I7 

0.07 to 

.07ti 

.071a 

.071.1 

. 07 i.[ 

o, 070 !).| 

.0710.1 

.07114 

.07124 

•071.1-1 

10,0 

0 .<; 974 .S 

• 997-17 

.997.17 

.*W 7|0 

•99715 

0.7 

. 85 I 5 « 
.8f,.!l c 

.8527.. 

• 8 . 5 . 1.13 

(ir,t 

(it,o 

(0,8 

(> 0.7 

.i>>.8i> 

.(X;88(> 

0..1 

■1 9| 01,80 
•1 "1 ■I.'i.-M 

•1 "1 .| 9 . 9,5 
■1 0.5 (I(i.('x8 

•1 9 ;i 27.41 

0.0715 

.071(1 

.0717 

.071H 

.0719 

0.0714.1 

•o/i.'l-l 

.(> 71 ( 1.1 

.0717.1 

.071H4 

10.0 

<).y 97 -ll 

.‘; 97 -|.l 

• 997-13 

.997.12 

• 9 V 7-13 

9.7 

8 . 85 . 19 ( 

.85-1.54 

.85.515 

•85575 

.8.563.5 

(io.() 
(0,(1 
(' 0..5 
(Xt. 1 
(X1..1 

(J. 99881; 

.(X;.'W 9 

.i;(>.888 

,<><,888 

.(X;8‘1.8 

0..1 

•1 9,5 .17.93 

4 0(1 11.8.5(1 
• 1 99 29 . 19 
•1 9:'' .| 9 . 8 i 
•1 97 I 9 ,,|,| 

0.0720 

.0721 

.0722 

. 072.1 

.072.} 

0.07 KM 
.072(4 
.0721.1 
.07224 
.072.11 

10.0 

0 . 997-11 

. 997-19 

• 997 .(‘) 

• 997.19 

.‘J97.18 

9.7 

H. 85 (i 96 
.«S 75 (» 
.8.s8|f. 
.85.870 
• 8 . 5 ‘ 4 (» 

60,2 

(X),| 

(>o,o 

(6,0 

. 59.9 

9 .«)'> 8/(7 

.9^8,87 

9 ..( 

■1 ‘7 .H.97 
.1 "7 .51. Cx; 

•1 9.8 12. .12 
■I 98 42,9,5 

•1 98 53.. 57 

0.0725 

I .072(1 
.0727 
, . 07 ^.^ 

.0729 

0.072.1.1 

.07254 

.072(1.1 

.0727-1 

.072H1 

10,0 

0 .<J 9737 

• 9 '> 7.17 

. 997 . 1 <> 

• 9 !> 7 . 1.5 

• 9 :) 7 . 1-1 

‘>.7 

8.85«^j(> 
.8mi5() 
.8S1 15 
.8:117.5 

. 59.8 

.59,7 

. 59.(1 

. 59 /) 

. 5 V ..5 

().«»‘(.8(i 

.'19885 

.'X ,'-885 

. 9 !>.'H| 

<>.,( 

.( 09 

■1 99 .1,1.82 
•1 9 ') 5 ,'!., 1.5 
•1 10 Ki.oH 
,| 19 .((1.70 

0.07.10 

1 • 07.lt 

.07.12 
• 075.1 
! • 07 . 1-1 

0.07294 

.07.10.1 

. 07 . 11.1 

.f> 7 . 12.1 

• 97 . 1 . 1.1 

10,0 

0 . 9 !> 7 . 1 -| 

• 997.13 

•‘>:> 7.12 

.997.U 

.99731 

9.7 

8.8'»2(4 

. 8 'M. 5.1 

. 8 ' 4 I 2 

.K'472 

. 8 \ 5.11 

. 59.-1 

. 59 ..! 

. 5<;.2 
. 59, 1 
. 59 . t 

'i.'XjfWi 

.99881 

, 9 <» 88 i 

.9';.88, 

0..( 

■I 19 ,57.3,1 

• 1 tl 17. '/I 
■ 1 H 38,, 58 

• I II , 59.21 

• 1 1..’ 19,81 

1 0.0755 
,0750 

1 .07.17 

1 . 07.1H 

j .07.19 

‘>• 97 . 1 . 1.1 
• 07 . 1 .S .1 
• 07 . 1 >'U 

•07.17.1 

• 07 . 1 H .1 

10,0 

9 . 9 !J 7,10 
• ‘> 1 ) 72 ‘> 
. 9'>729 
.W728 
. 9:>727 

«i 7 

8.H(i5«x) 

. 8 ,»fil 9 

,81707 

,8'»7vi(i 

.8(1825 

. 59.9 

.58.9 

.58,8 

.58.7 

58,7 

9 .'/> 8 . 8 i 

.'X;.88.. 

. 9 «;. 88 .! 

. 9 «tM ,82 

.',<>.8.81 

9,3 

.1 12 . 19 ..l'i 
■1 M 91.99 

■1 13 .9.72 

•1 13 .l.i. 3 | 

•1 l-l 92.97 

0.07.10 
.07.1 1 
.07.12 
.07.1.1 

. 07 .|.( 

‘>•97.10.1 

• 97 - 10.1 

.0741.1 
.0742.1 
• 07.1.13 

10,0 

o. 9 i> 72 :l 

.9972:) 

■9972s 

.99721 

• 1>!(723 

0.7 

8.K\88,| 

.8X4.; 

.871KU 

.870.59 

.87117 

.58.(1 
.58 , .5 
58. 1 
.58,,! 
58..1 

). 9 > 88 t 

. 99 '.' 1 . 8 i 

. 9 ;A 8 <) 

9 ,.l 

.1 14 .(3.(x) 

• 1 14 .|,|,2.} 

-1 t.'i 94 . «5 

•1 t.'i 2,5.48 

-1 l.'i -I'l. 19 

0.07.1s 

. 07 .|() 

• 07-17 
.07.1H 
■ 07-19 

). 0744 .i 
■OM.'i.l 
.o 7 .|(t.l 
• 97 . 17.1 
.07.18.1 

10,0 

0.99723 

.‘W722 

•99721 

.‘;9720 

.99720 

9.7 

8.8717.5 

..872.14 

.H 7 .«).! 

.873.59 

.87408 

.58.2 

.58,1 

58.0 

.58,0 

. 57.9 

>.'X >879 

.'.',.87.; 

,(>.^879 

.99.878 

9.3 

•1 18 ‘".7.1 
■1 It' ..7.35 

4 1 " - 17 . 9.8 

-1 17 ( ’'(.(ii 

■1 '7 .ty.^.i 

0,0750 ( 

). 07.(93 

I 05 > 

0.99719 

0.7 ) 

i.H 7 .| 6 s 

57.8 t 

).9!x87S 

9,3 

.( 17 - 19 . Wi 

11 

lalnlilii t 


CDlh III 

|l 

op'’"''!'.' 

w F„‘ lo 

aooiiilii 

«F,/ 

II 


Circular Functions. 



0.0750 0.07493 
.0751 .'07503 

.0752 .07513 

.0753 -07523 

.0754 -07533 


0.0755 

.0756 

•0757 

.075B 

•0759 

o . 0760 
.070T 
. 0702 
.0753 

.0764 

0.0763 

.0766 

.0767 

.0768 

.0709 

0.0770 

.0771 


0.07543 

.07333 

.07563 

.07573 

.07583 

0.07593 

.07603 

.07613 

,07623 

.07633 

0.07643 

.07633 

.07662 

.0767a 

.07682 

0.07692 

.07702 


10,0 0.99719 
.99718 
.997^7 
.99777 
.99716 

10,0 0.99715 
.9y7«4 

.99714 

.99713 

.99712 

10,0 0.997JI 

.997H 

.99710 

.99709 

.99708 

10,0 0.99708 

.99707 

.99706 

.99705 

.9970.t 

10,0 0.99704 
.99703 

.99702 

.99701 

.99701 

10,0 0.99700 
.9<>699 
.9^)08 
.99698 
.9^7 

10,0 0.99696 
.9969s 
.99694 
.99694 
.99693 


0.07.35 io. 07842 10,0 0.99692 

.99691 
.99690 
.99690 
.99689 

10,0 0.99688 
.99687 
.99687 

.07922 .99686 

.99685 


0.07942 30,0 0.996^4 

.99683 
.99683 
.99682 
.99681 



0,7 8.8746s 
0,8 .87523 


0,8 8.87753 
.87811 
.87868 

.87925 

.87982 

0,8 8.8S040 

.8S097 
.88153 

,88210 

.88267 

0,8 8.8S324 
.88380 

.88437 

•83.193 

.88550 

0,8 8.88606 
.88362 
•88719 
•8S775 
.88831 

0,8 8.88S87 
.88943 
.88998 

.8-)05.| 

.8911c 

0,8 8.8916s 
.89221 
.89276 
•89332 
.8938; 

0,8 8.89442 
.89498 
.89553 
.89608 
.89663 

ojB 8.89718 

.89773 

.&9827 

.89882 

.89936 

0,8 8.89991 
.90045 
.goioo 
.90154 
.90208 


0.07991 10,0 0.99680 0,8 8.90263 S 4>2 9.95 


_ . . sinh lu 

*> Fd! lop — I — 


4 38 30.49 
4 18 31.11 
4 18 53.74 
4 19 12.37 

,3 4 19 32.99 

4 19 53.62 

4 20 14.25 
4 20 34-87 
4 20 55-50 

,3 4 31 16.13 

4 21 36.75 
4 2t 57-38 
4 22 18.00 
4 22 38.63 

1,3 4 22 59.26 

4 23 tp-SS 
4 23 40.51 
4 24 01.14 
4 24 21.76 

),3 4 24 42.39 

4 25 03.0a 
4 25 23.64 

4 25 44.27 
4 26 04.90 

>,3 4 26 25.52 

4 25 46. IS 
4 27 05.78 
4 27 27.40 
4 27 48.03 

>,3 4 28 08,63 

4 28 29.28 
4 28 49-91 
4 29 10.53 
4 29 31.16 

4 29 SI .70 
4 30 12.41 
4 30 33.04 
4 30 53.67 
4 31 14-29 

4 31 34-92 
4 31 55.55 
4 32 16.17 
4 32 36.80 
4 32 57.43 

0,3 4 33 18.03 

4 33 38.6S 
4 33 59-31 
4 34 19-93 
4 34 40.56 

0,3 4 35 or. 18 
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Circular Kunclioiui. 


o.oStx) o.o7«;()i 
.(i.S{)i .oSix)! 
• fxSoj .tiSon 
.oSiui 
.oSci-i .o8()ji 

o.oSns o.ofio-it 

.('NoH .<(.St)7i 

.oSo<) .oStvSl 

o.oMio o.oHngj 


0.0M15 ().oSi-|i 


o.oHi‘0 o.(>,St()i 


0.f)H25 0.0«2.|t 
.oK.'H 

•oSjf; .oHjSi 


10,0 o.«;«^hSo 

.KijU/i) 

.'JE)!)7.S 

.<»:);i77 

10,0 0.t7<.!)7i'> 

• ‘J'jfi/S 
■ W<>7-l 

10,0 o,<j<):i 7 j 
.0<;<>7i 
.'.O'i?' 

.«J0'i7O 

10,0 

jOOfi 

>0,0 

•inXifil 

10, (I o.<j</rfk) 

•?^o!»57 

■w(ty/ 


o.oH<o 

.o8.li 

.08,1.} 

.0,81.1 

.08.1,1 

o.oHjjx) 

.08.110 

.o8.i.’o 

.0.8.1.10 

10,0 

o.o'O'i.ir; 

•v;<‘>55 

•W'».5| 

.(j<;i',5.i 

•(>'>'».52 

0.08.1.5 
. 08,i(i 
.08,17 
.08.18 
• 08.10 

O.o.8,i.jo 

.08.1.50 

.(xS.Vx) 

.08,170 

.08.180 

10,0 

o.f»:}52 

HJOf'.SO 

•WH.IO 

0.0,8.10 

.o8.|r 

.o 8,|2 

.08,1.1 

.08.1,1 

0.08.100 

.o8.|oo 

.o8.|JO 

.a8.|aj 

.08.1.10 

i0,0 

o.f>/'M7 

•(W'‘i-I7 

•WAlrt 

.(^ofi-IS 

o.oS.is 

.o8.|6 

.08.17 

.U8:|8 

.08.10 

o.(>.8.(.|o 

.<a8;|.5o 

.oH-flk) 

.08.170 

.Q.8.f8o 

10,0 

o-(J'J(5-K1 

.[)0(>.|2 

•O.XMO 

o.aSso 

o,o8,j<xi 

10,0 

o.yiX)j9 

u 

-Islnhlii 

«F„' 

cosh hi 


o,«S ! 

•‘.’<M17 

•Ofi.O'i 

.«;!>-|7o 

o,S 

.(X)0|o 

•00717 

(),tS H.EjcifkM 

•‘Kt-Sn I 

.<;o' 

• OUII.J 

o.'*! H.ijto'-M 
•<Mt7.| 

.0t.!.7 

.01 UH 
.«Jl lOI 

o,R 

.«U0|O 

.0i7nt 

•otv.u 

O.H 

.'Jloto 
• ouK*.; 
.OJot.) 

o.fi K.iwiiH 

. 0217 ;) 

.OJ .71 

♦(JAPS 

«.«wa77 

.02.jHi> 

•OAS.n 

•‘PSH.! 

0 |K K.<) 2 r»i.| 

.02/W«5 

.027,Vi 

.fM7M.4 


I) 

I) 


5.<.<' 

,'n.8 ,' 

.5.1,0 


S.1.,5 

‘J.ox'vv. 

.5.1,1 

• O';', ,7 

.5.1.,! 

.oo's;' 

.5.1., < 


.5.1.2 


5.1.2 

O.0';8;;(i 

.5.1,1 


.5.1.0 

.'.'.8,!;, 5 

.5.1,0 

. '('.'8,5.5 

.52,0 

• O' ,8, 5 1 

5.I.8 

'J.0','8;;.| 

.52,8 

.'i'>8,\1 

.52,7 

• 0‘/<.5.1 

.52.7 

• 0';8,5,i 

.52,0 

.‘C/I,;;.,! 


S~*.S 0.'>>f<‘i. 


S-M .O't''?;;!) . 
S2.I 

S.^.o 

52.0 

51.0 

SI. M 

5J.» .t,o'<|S 

SJ. 7 

Si.<i .‘<17 

51, Ji 0.i)<>.‘<i7 

51.S 

Sl.s 

51.. 1 

51.. 1 .W.His 

51.. 1 


0,8 H.rto '<51,0 


<'..i •! ,I:i <11. 18 

•I .iS .M.«i 
•I ,i> 

•I 

■1 ,t'> -M.fH) 

‘’-1 -I .I<i .|.|,82 

■I .17 o|.i;| 
•I .17 57 

■I ,7 lO.E’o 
•I o().H2 

‘M 1 ,I'< 27,.|5 

•I .V'< .iN.ekH 
•I .10 <>.'<.70 
•I ,10 

•I .10 -10. 06 

0..) .| ,|ri 

•I .|o .n .21 
•I •!" 51.^8 
•1 'll 

•I 'll .U.oo 

0,1 .| .|l . 58.71 

■I l |..M 
■I .1-! .<1.07 

■I .12 5.5., SO 

■ I .!.{ Hi , .12 

<'.•1 •! ■l\ ;l<i.H,5 

'I 'M .57. .17 

\ .1 I l.'<. 10 

•I -11 .<8.7,1 

■1 'll ,50. ,1,5 

o-l ■! .|,5 10.!>8 

.| .|.5 

•I -10 OI..M 
,[ .|ii 21 ,8:i 
•I .10 , 1 .!.,|.'{ 

".•I 1 . 170 , 1.11 

■I -17 .M.7-1 
•I -17 -ll..{<i 

1 .|8 o|.o(j 
•I ,|M .itj.fi.) 

o..| .| ,iH ,lfi.2,| 

.1 .|0 00. H7 
•I -10 27., 50 

•I .10 .|.‘<.I.' 

•I ,50 <vS.7.5 

o..| .| ,S0 20. .1.8 

•I ,50 50. (k» 

■t .51 Hl.Ii.l 
•I .51 ,<l .20 
■ I 51 . 51.88 

I’.l -I ,52 U.51 


houooalilii 


Smithuonian Tables 


Circular Functions, 


11 

Bin 11 

cu F„' 

COB U 

» Fo' 

log sin H 

« Fo' 

log cos II 

0, Fo' 

u 

O.oH.'iO 

o.(x8.|<,<> 

]0,0 

o.0‘X'3«) 

0.8 

8.92800 

51,0 

9.908.(3 

0,4 

4*’s2'i2?si 


.08500 



0,8 

.920-11 

50,0 

•09843 


4 52 33 .14 

.oS.v> 

.08510 



0.0 

•02001 

50,9 

.9(j8|2 


4 52 53 -76 

. oX 5.\ 

.o85J() 




•030.12 

50,8 

.99842 


4 53 14-30 

.<^5\ 

.085^0 




.9309.8 

50,7 

•99841 


4 53 35-01 


0.085.10 

10,0 

o.vAis 

0.0 

8.931+1 

50,7 

9.«)984I 

0,4 

4 53 55.64 


.08550 




.0310-1 

50,6 

.‘10841 


4 54 16.27 


.08500 


■ <XAW 


.032.15 

50,6 

.(jo8.(o 


4 54 36.80 


.(h850ij 




.93205 

50.5 

•OtjSio 


4 54 57.52 

.0H5IJ 

.08570 




.03.8.t(> 

50.4 

.0<j8.1o 


4 55 18. IS 

O.oS'io 

o.ixMsHo 

10,0 

o.O?Alo 

0,0 

8.03306 

50,4 

0- 00830 

0,4 

4 SS 38.77 

.oMdl 

.o85(;<j 


.W)(>30 


.03147 

.50.3 

•‘>>'830 


4 55 59.40 

.(iM’u 

.{i8'kv) 




.<;3.|07 

50.3 



4 s6 20.03 


.(x8i)i<; 


.00(^8 


.03547 

50.2 

•oA+s 


4 56 40.65 

.oH:i.| 

.o8,‘i;}() 


.00647 


•03507 

50,1 

•OiAlS 


4 57 01.28 


(1.o8''i5(J 

10,0 

o,()<yij6 

0,0 

8.03647 

50,1 

0-9<>837 

0,4 

4 57 21.91 


.oMo.iO 


.096-\5 


•f)36?J7 

5,0,0 

.09837 


4 57 43-53 

.oM:i7 

.08)150 


.<)'j62.| 


.03747 

50,0 

•‘J‘J837 


4 58 03.16 

.oH'jK 

.o8l)(j() 




■03707 

40,0 

.09836 


4 58 23.70 

.oHfwj 

.o8ri7y 


.006^3 


.03847 

40,0. 

.05836 


.( 58 44 -41 

0.0.V1 

o.o8')8() 

10, <) 

0.0()624- 

0.0 

H.0.4807 

4<).8 

0.00835 

0.4 

4 59 05.0.1 


.oH'h)<; 




•03«>-l7 

•19.7 

.‘J<i835 


4 50 25.^16 


.o87(k; 




.03007 

49.7 

.00835 


4 50 46.20 


.08710 


.O'/MO 


.0(0.16 

49.6 

.Oo83.( 


5 00 06. 


.(187^'; 


• OOf'sK 


.0.|006 

40.6 

•ofAai 


5 00 27.54 

0.11873 

0,08730 

10,0 

0.0(>!»I7 

0,0 

8.04145 

49.5 

o.fxAi-i 

0,4 

5 DO 48.17 

. 0,87(1 

. 1x87, 10 


.'A'l? 


.0(105 

49.5 

.‘99833 


5 nr oS.fio 

.(i8V7 

.08750 


.<A>i6 


.0(2.14 

49,.| 

.9<)833 


S 01 '29.42 

.o87H' 

.087(10 


.‘KidiS 


.0|2()4 

•19.3 

.0»812 


S 01 50.05 

.0870 

.08770 


.0061.1 


•0-1343 

40.3 

. 0*9832 


5 02 10.68 

0.11880 

0. 087.80 

10,0 

o.V)6i3 

0,0 

8.0-1302 

40.2 

0.0<:832 

0.-1 

5 03 31,30 

.0881 

.(K870-; 


.<W6I2 


•011(1 

•10,2 

.W>831 


5 02 51-93 

.oSHj 

.(x88oo 




•01-101 

40.1 

.‘J‘>831 


5 03 12.56 

.0SH1 

.a88io 


•Of/'io 


.0(546 

49.1 

.‘J‘)H3 o 


s 03 33.1ft 

.o8H,i 

.0.8848 


.00610 


.01580 

40,0 

.‘9<>830 


5 03 S3.8 i 

0.0883 

0.088 

10,0 

O.O-l/iOf) 

0,9 

8.0-1638 

48.0 

0.99830 

0,4 

5 04 14.44 

.(iSH'i 

.o88,|8 




.0-(('87 

48, (j 

.<;<,82(> 


5 04 3 S.o 6 

.0887 

.0,8838 


.(^<>607 


.0-17-15 

48.8 

.‘w82(> 


5 04 55.69 

.0.888 

.(x88']8 


.(Aiob 


.04781 

48.8 

.(;o820 


5 05 16.31 

.o88!J 

.(x887.8 


.0!A)5 


■0-1833 

48,7 

.0‘;828 


S OS 36.9-1 

0.0800 

0.08.8,88 

10,0 

0.(y/)0.! 

0,9 

8.0(882 

48.7 

0.9(;828 

0,4 

5 OS 57.57 

.oM’ji 

.o8f{<;8 


• IK/io.i 


.0.1030 

48.6 

.00827 
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9 13 28. 63 

. KU 

, lOl JI) 

0«.7 

,i>8(>i)i 

t().i 

.207(11 

265.7 

.00428 

7.1 

9 16 54.90 

■ i<>5 


!A7 

.«;8o'7.| 

U>,2 

.21020 

264.1 

.09-120 

7.1 

9 20 21.16 

. i(>.| 

.If>557 

‘A7 

.(A >58 

1<».3 

.2i2yo 

2(12,4 

.00413 

7.2 

9 23 47.43 

0 . 1 Cif) 

<>.I<1.1.!5 

0«.<' 


18,1 

0.21551 

260,8 

0.00.|«6 

7.2 

9 27 I3.6c) 

. Ifh'j 

.I055.I 

*A<i 

.5>8()J5 

1O.5 

.21.811 

2.50.2 

.00.100 

7.3 

9 .10 30.96 

.H7 

. KlO.!.! 

*A(> 

.(Akh) 

l(i.(i 

.22:170 

257.6 

.00302 

7.3 

9 3.( 06.22 

. H)H 

.H'l7.!l 

'A(» 

.‘>850^ 

I(»,7 

.2252(1 

25(M 

•OO.Al 

7.-I 

9 37 32.49 

. Kiy 


yH,(i 

.08575 

l(>,8 

.22582 

254.5 

.00377 

7.4 

0 40 58.75 

0 , 1 70 

o.h'koH 

<A(i 

0 .i> 8 s 58 

IT'.O 

0.22856 

255.0 

0.00.160 

7.5 

0 .14 25.03 

. 171 

. 17017 

0H..5 

.fASI.! 

17.0 

.25088 

2.51,5 

.00.1(>2 

7.5 

0 47 51.28 

. IM 

.1711.5 


.0«.5.!| 

17.1 

.2.1558 

250,0 

.<J9.1.5.| 

7.5 

0 51 17.55 

.175 

.IJ'Jl-l 

0H,.5 

.«J«507 

17.2 

.25.588 

24.8.S 

.09.1-17 

7.6 

0 51 43.^1 

.17-1 

. 1751-1 

yf<..5 

.oH.iyo 

17.5 

.2585(1 

2-17.1 

•00330 

7.6 

9 sS 10.08 

0. 175 

0.17-111 

•A5 

0.f>8|75 

17.-I 

y.2.|<x82 

2-15,6 

0.09352 

7.7 

10 or 36.34 

. 1 7(1 

.17500 


.oH |55 

17.5 

.2.1527 

244.2 

.09.12-1 

7.7 

to (15 03.61 

.177 

. lyiKKS 


.‘)8(,iH 

17.1* 

.2.1.570 

242.8 

.003!6 

7.8 

10 08 28;87 

. 17H 

.1770:1 

'A.| 


17.7 

.2,|8I2 

241.-1 

.!7)5oH 

7.8 

10 n SS.14 

.I7JJ 

.17H05 


.yHiiu 

17,8 

.25053 

2.10.0 

.<00360 

7.9 

10 15 21.40 

0. iMo 

0.17005 

<A.| 

O.iAiHl 

17.0 

0.252<»2 

2.18.7 

9.00203 

7.0 

10 iR 47.67 

. ]Mi 

. iHikii 

'A,|, 

.i>85<i(» 

lK,o 

.25550 

257.3 

•00285 

7.0 

10 23 13.03 

. iHj 

. iSioo 

‘A5 

.<>85.|H 

1.8,1 

.257(17 

256,0 

.y!)277 

8,0 

10 25 40.19 

.iH.l 

.iHiijH 

08.5 

.*>8,i.V> 

18,2 

.2(K>n2 

2.14.7 

.<)02()0 

8,0 

10 29 (X).46 

.iH| 


08,5 

.08512 

18,5 

.26256 

233.4 

.0<026i 

8.1 

10 32 32.72 

O.1H5 

o.iH.V)S 

08,5 

0.i)8jo.| 

i8,.| 

y. 26.160 

2.12,1 

9.00253 

8,1 

10 35 .58.99 


. iH.105 

Oii.5 

.‘a 8 j 75 

1K.5 

.2(1701 

2,10.8 

.0024.^ 

8.2 

10 30 25.25 

. rH7 

.1M501 

<A5 

.08257 

lK,(i 

.2 (mj 5I 

22«>.5 

.00256 

8,2 

10 42 51.52 

. iHH 

, iHfiHo 

oH,2 

.‘^258 

l«.7 

.271(10 

228.5 

.00228 

8,3 

10 46 17.78 

. iHy 

.1H7HH 

y8,a 

.08210 

IH.H 

.27387 

2J7.(> 

.0!)220 

8.3 

10 40 44.05 

0. KW 

o.iaHHCi 

08ia 

0.1^200 

18.0 

0.27614 

225,8 

9.90211 

8.4 

10 S3 10.31 

. iiji 


08, J 

.‘AiHi 

10,0 

.27850 

224,6 

.90203 

8-1 

10 56 36.58 

. U )3 

. ii.;oH^ 

08, a 

.<>8i(»2 

10. 1 

. 280(15 

225..1 

.<30105 

8.4 

11 «) 02.84 


.lOlHo 

08,1 

.081.15 

T0.2 

.282.86 

222,2 

,<7 )i 86 

8,5 

n 03 29.11 

. ly.i 

■ iy-179 

A I 

.0812.1 

10.3 

.28507 

221,0 

.90178 

8.5 

n 06 55.37 

0.10.5 

0.10577 

08.1 

o.tAios 

I0..| 

0.28728 

2I0.<J 

9.99160 

8,6 

II 10 21.6.) 

. I'Xi 

■ TO-17.5 

08,1 

.iA >85 

iy.5 

.a8!).|7 

218,7 

.<;<^i6o 

8,6 

II 13 47. <10 

. ro7 

■ 10.575 

08. T 

.oSoTid 

iy,(i 

.20165 

217.6 

.00152 


II 17 14.17 

.uiH 

. 10(17 r 

1)8.0 

.OHT».|(i 

iy,7 

.20.182 

216.5 

.0061.1' 

8.7 

n 20 40.43 

. TOO 

.iy7fx; 

y8,o 


10.8 

.2051)8 

2IS.3 

.99134 

8,8 

n 24 06.70 

0.200 

0. I(>H:57 

08,0 

0.08007 

19.9 

9.20813 

2M,a 

9.99126 

8.8 

II 27 33.96 

u 

•'liinhiu 

M VJ 

oolh III 

wPo' 


M Fq' 

looooih iu 

mFo' 

1 
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Circular Punctions, 


II 

sin 11 

w Fv 

oot u 

M Fo' 

loa sin 

1 to Fu' 

loo cos 

(0 Fo' 

11 

0 . 200 

0. 19.807 

98,0 

0.98007 

19,9 

9.2981, 

4 21-1.2 

9.99121' 

8,8 

II .17 

.201 

. il-U'*; 

9^.0 

.97987 

20,0 

• 3002, 

7 213,1 

.991 17 

8/ 

M 311 

.202 

. 20o'i3 

<;8.o 

.97067 

20,1 

. 30 -’ 3 < 

) 212,1 

.99108 

8.0 

11 31 -'.5.49 

.20.' 

. 20 I()I 

97.9 

• 97 < H 7 

20,3 

.304s 

21 1,0 

.<X)(.x;<j 

8,9 

11 37 .51 -yo 

.204 

.20259 

97.9 

.97926 

20,3 

.3a66 

209,9 

. 99091 

9.0 

II .(1 iH.O.! 

0.20.'; 

0.20357 

97,9 

0.97906 

20, 

9.3087 

208, <} 

9,99081 

9.0 

rr 4 1 

.20^) 

•204.5.'; 

97.9 

.9788!) 

20,5 

.31071 

207.8 

.99072 

9.1 

n .(.8 10.5;; 

.207 

. 2 f )552 

97,9 

.9786s 

20,6 

. .3128.' 

20?i,8 

.'X;o 63 

9.1 

II "(I 31. .Si 

.20tS 

. 20')50 

97 .« 

.97845 

20,7 

.3149.1 

205.8 

. 99 'OS 4 

9.2 

n 55 03. 1)8 

.209 

.207.18 

97 .« 

.97824 

20,7 


204,8 

.990.14 

9.2 

n 58 29.34 

Q. 2 IO 

0 . 20846 

1 97,^ 

0.97803 

20,8 

9.31902 

203.8 

9.99035 

9.3 

1.1 01 55.61 

.2ir 

. 209-14 

97.8 

.97782 

20,9 

.3210; 

202.8 

.9902!) 

9.3 

I.! 05 .M ..S>’ 

.212 

.21042 

97.8 

.97761 

21,0 

.32308 

201,8 

•99017 

9.3 

1.! (1.8 ,jH. 14 

‘ 21.4 

. 211.39 

97.7 

.97740 

21,1 

.3250^) 

200,8 

.91x107 

9.4 

12 12 14. .(O 

.214 

.21237 

97,7 

.97719 

21,2 

.32709 

199.8 

.98998 

9.4 

12 15 49.67 

0.215 

0 . 21.335 

97.7 

0.97698 

21.3 

9 . 32</'09 

198,9 

9 . 98 :>H 8 

9.5 

12 19 0 .'i .()3 

.216 

.21432 

97.7 

.97676 

21,4 

.33107 

197.9 

■98979 

9.5 

12 22 .43.20 


.21.5.30 

97.7 

.97655 

21.5 

.33305 

197.0 

.f;8 ,('») 

9.6 

12 25 ‘>'l..l6 

.2ia 

.21628 

97.6 

•976.33 

21,6 

.33501 

196,0 

. 981/10 

9.6 

12 21) 25.73 

.219 

.21725 

97.6 

.97612 

21,7 

• 3.^697 

I 9 S .1 

.98950 

f ;.7 

12 32 .51 .99 

0.220 

0.21823 

97.6 

0.97590 

21,8 

9.33891 

194.2 

y. 98 <Mo 

9.7 

12 36 1H.26 

.221 

.21921 

97.6 

.97568 

21.9 

.34085 

193.3 

■ !;« 93 l 

9.8 

12 3(J -14 .52 

.222 

.22018 

97.5 

.97546 

22,0 

.34278 

192,4 

.98;>2i 

9.8 

12 43 lo.yij 

.225 

.22116 

97.5 

.9752.1 

22.1 

• 31470 

191.S 

■ 98911 

9,8 

12 .(6 37. »5 

.224 

.22213 

97.5 

.97502 

22,2 

.346-61 

I«X 1,6 

.98901 

9.9 

12 SO 93.32 

0.22.5 

0.22311 

97.5 

0.97479 

22.3 

9.3 ifi.'ll 

!8.).8 

9.98891 

9>9 

12 53 29.58 

. 22C) 

.22408 

97.5 

•97457 

22,4 

.35041 

188.9 

.(Ml 

10,0 

1.1 56 .'■'5.85 

'.227 

. 22506 

97.4 

• 974.35 

22.5 

• 3.5229 

\m.o 

.98 87 1 

10,0 

13 00 22, 1 1 

.228 

.22603 

97.4 

.97412 

22,6 

• 3.5417 

187.2 

.(>8861 

JO,t 

13 93 .1.H.38 

.229 

.22700 

97.4 

•97389 

22.7 

. 35<>03 

186,3 

.98851 

10,1 

13 07 i.|.6.| 

0,230 

0.22798 

97.4 

O.073(>7 

22,8 

9.35789 

185.5 

9.08841 

10,2 

13 10 .|9.i;t 

. 23 f 

.22895 

97.3 

.97.344 

22,9 

•35974 

184.7 

.9883 1 

10,2 

13 i-l 97. 17 

.232 

.22992 

97,3 

.97321 

23.0 

.36158 

183.8 

.98821 

19.3 

13 17 33.44 

.233 

.2.3090 

97,3 

•97298 

23.1 

.36342 

183,0 

.98810 

10,3 

13 29 5 «J. 7 «) 

■234 

.23187 

97.3 

.97275 

23.2 

.36525 

182,2 

.98800 

19,4 

13 24 25.96 

0.235 

0.23284 

97.3 

0.97251 

23.3 

9 . 367 frf» 

18 1,4 

9 . 987 <X) 

19,4 

13 47 52.23 

13 31 

.23C 

.23382 

97.2 

.97228 

23.4 

.3^887 

180,6 

.98779 

loi.i 

•237 

•23479 

97,2 

.97205 

23.5 

.370.68 

179.8 

. 987()9 

19,5 

13 31 • 1 .I .79 

.238 

• 23 .‘i 76 

97.2 

.97181 

23,6 

• 372.(7 

179.0 

. 178758 

10,5 

•239 

.23673 

97,2 

.97158 

23.7 

.37426 

178.2 

.987.(8 

10,6 

13 41 37.-*9 

0.240 

0.23770 

97,1 

0.97134 

23,8 

9.37603 

1 77.5 

9.98737 

10,6 

13 at; 03 . (lEi 

.241 

.23867 

97,1 

.971 10 

23.9 

.37780 

17^7 

.<j872f) 

10,7 



■ 2.3964 1 

97.1 

.97086 

24,0 

•37957 

175.9 

.98716 

'10,7 

13 51 56.08 

■243 

. 24062 

97.1 

.97062 

24.1 

,38132 

175.2 

.98705 

10,8 

13 .55 42,35 

13 58 .|.8.6i 

.244 

.24159 

97,0 

.97038 

24,2 

.38307 

174.4 

.98694 

10,8 

0.245 

.246 

0.24256 

97,0 

0.97014 

24,3 

9.38481 

173.7 

9.986S3 

10,9 

14 02 14 .K8 

•24353 

97,0 

.96989 

24.4 

.38655 

173.0 

.98672 


i.| 05 

14 (H) 97.,! 1 

14 12 33.67 
l‘l IS 59.94 

•247 

.248 

■ 249 

•24450 

•24547 

.24643 

97.0 

96,9 

96,9 

.969.65 

.969.11 

.96916 

24,4 

2 ^ 1.5 

24,6 

.38827 

.38999 

.39170 

172,2 

171.5 

170,8 

.98662 

.^651 

.98640 

11,0 

11,0 

11,0 

0.250 

0.24740 

96,9 

0.96891 

24,7 

9.39341 

170,1 

J.9S62S 

ii.i 

I.( 19 26.20 

u 

1 sinh lu 

« Fo' 

cosh lu 

u Fo' 

loa'lUj"" 

« Fo' 1 

ooooifilu 

w Fo' 

11 
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Circiilai' Functions. 


a..'..\y.[o ! 

\>\V/ ' 
: ..tio.n 

• -'.T.S • 
..J.S'H ' 


O.'ltiHoi 

.c/iXlX 

(i.uS/ti:* 

.CX) 7 .M 


..Id,! 'Jd.ti 

ofj.o .c>f>5(ii 

..!d,i ...MUdi *X'..S 


..■dd ..id.iM/ 

..ihy .-td.V'^l 

..jdM ,.!d.|Ho 




..'S,! ..'.yH:H 

..’It 

..!S| ..’ftd.'d 

(d.lMi; ti.,fNlld 

..-Sd 

./'Ay ..r.'lviS 
..•M ..iMidi 

..h;.! ..‘.‘ 7:7 

..!U1 ...’M'J/iM 

I). .!<)■; n..!in 7 ,| 

..idi/O 

.^iiy 

..’(jS ..Kl.tdl 


O. 

o.*;i >.77 

.Ijf ».!!)/ 
.c,<».!yo 

.O'iKSi 

tlS.l 

(i.fJliK-J-l 

.‘W/U't 

.•i^y(iy 

• O.Sd.Tl 



A? «).-IAi 7 

• 7 ." -i.idys 

-J7.1 

- 7.-5 

~7.;t ••I.IWH 

. 7 ..t 


•lilrUilii ‘•'IV ooililu 



y.fAw 

• t'.'i.VlO 

.«;«->X7. 

.f;«J.l 7 

,<>!<;<> 

.yHi8» 

.<>'<173 

,y8i0i 

(j.<>8i.j« 

.<>'<j^S 

.<,'8142 

.<;8«<)S 

I 

9.(>SoR» 

.<8056 

.(jHo.l? 

,y8oa<j 

,9.98016 



II 

II, I 

1.1 19 26.20 

n,i 

14 22 52.47 

I U -i 

14 26 IH.73 

! 1,2 

14. 29 4.5.00 

II,.T 

14 .4.4 11.26 

II ..3 

14 .16 .47.53 

114 

l.| 40 0 . 4. 79 

114 

1.4 43 .10.06 

II .5 

14 4(1 56.32 

11.5 

14 so 22.58 

h,6 

14 53 48-85 

rj.6 

U 57 15.11 

(1,6 

15 00 41 ..48 

11,7 

15 04 07.04 

H .7 

15 07 .43.91 

n,8 

15 II 00. 17 

n,8 

15 14 20.44 ' 

11,9 

15 '7 52.70 

ii,<j 

r.5 21 18.97 

12,0 

15 24 45.23 

T2,0 

IS 28 11.50 

12,1 

15 31 37.76 

12,1 

15 . 1.5 0.1.03 

12,2 

M 38 . 10.29 

12,2 

15 41 56.56 

ia..1 

IS <15 22,82 

i -'.3 

15 -18 4 <J.oy 

I.J .3 

15 52 15.35 

12,4 

1.5 5.5 41.62 

I2..I 

15 59 07.88 

1^,.5 

16 02 34.15 

u'.S 

i6 06 00.41 

12, fi 

16 00 26.fiR 

12,6 

16 12 52.04 

\2,7 

16 16 19.20 

12,7 

16 19 45-47 

12.8 

16 23 11.73 

12,8 

i(i 2(» 38.00 

12,9 

16 30 04.26 

12,9 

16 33 30.53 

13.9 

16 36 56.70 

13.9 

16 40 23.C/i 

1,1.1 

16 43 49.32 

134 

16 <17 15 . .59 

13.1 

16 50 .11 ,85 

13.2 

16 54 08.12 

13,2 

16 57 34 -.18 

13.3 

17 01 CM). 65 

13.3 

17 04 26.91 

13.4 

17 07 53.18 

13.4 

17 II 19.44 

W Fg' 

11 











Circtilnr Fiuictionii. 


II 

sin II 

«F«' 

0.300 

0.29552 

95,5 

•301 

.2(>(m-8 

95.5 

..102 

.297-13 

95.5 

•.103 

.-*08.18 

9S.-I 

.304 

.29934 

95,4 

O..IO3 

0.3002<) 


.,10.') 

..10125 

<15.4 

•,107 

.30220 

95,3 

..10.8 

..10.1 15 

95,3 

..109 

.30411 

93.3 

0,310 

o.3o.5o:> 

?>5.2 

.311 

.30(101 

95.2 

• 312 

..lofb!) 

95.2 

•31.1 

..10701 

9.5,1 

.31.1 

.30S87 

9.5,1 


..U<> 

■ M 7 


|o. 3 ()(>S-* 05,1 
•am?/ f>5.o 
• <>5.0 

•3«.507 05.0 

. 3 >. 3 <‘a 05 .O 


o..!.*!) 0.31.157 
■ 3 - 2 > I . 5 r 5 . 5 J ?M.‘) 
.5«(>.K> «).|,<> 

■ 517.M OI.H 


0.3^5 

■ 3 -'^i 
..W 

.3-'0 

0.330 

..111 

.3.1.! 

..333 

0.3.35 

..330 

..3.17 

■ . 3 . 1 ^< 
.3.30 


o.3i<)3i 0I.H 
. 3 -’o-* 3 > 01.7 
•3-*Ili) 03.7 
..3->2l5 01.7 

■. 3 J .310 oi.<» 


0.3.15 

..3.|0 

■3.|7 

.3.|M 

.3.10 

0..3.S0 


0.32.10.1 

•.32.|<><>| 
.3-'.50.3 
.32(W.S I 
..32782 

0.32877 
..32071 
. 3 . 30 ^>f> 
..3.3Hb 

■ 332.54 

0 . 3 . 3 . 3-10 

•.3.3.|-(3 

•33.5.37 

..3.K»31 

. 3372:1 

0.3.1820 
■ 3.30M 
.. 3 .|on.S 
.3-1 102 
.3.|i‘X> 

0.3,1290 


01,0 

0(.3» 

0-1.5 

0-1.5 

01.5 

<)-l.l 
01,. I 
0-I..I 
0-1.3 
0-1.3 

0.1.3 

3X1,2 

01,2 

01.2 

01,1 

0.1,1 
0.|,J 
0 - 1.0 
O.|.o 
0-1, 0 

9.1,0 


cos u <i> Fi.' 

luu Bin 1 

I-,,' 

0.95531 29.(5 

9. .170,59 

14", 1 

•95501 20,(5 

.470.9 

1.1'),') 

.95474 -J0.7 

-17.130 

M'), 1 

•<)S4I5 2)j,8 

-17178 

1,1.8,') 

.95415 2(;.9 

.47 .10 

1. 1.8.4 

0.95385 3«.0 

‘)-l77.5,5 

(.17.0 

.95355 30,1 

.47,'1:>J 

I37.;i 

.95324 30,2 

.4.8020 

137." 

.l>5-'<;4 .10.3 

-I.Si-.'i 

'3 '..5 

•9.5264 30,4 

-l-8.1",l 

M’*." 

0.9523.1 30,5 

0-184.1.8 

1. 1.5,0 

•95203 30,(5 

-18574 

1.15.) 

•95172 .10,7 

. |8;'o') 

Ml. 7 

• f>5l-|i .W».8 

-1.88 1.1 

1,11.-! 

• 95111 30,9 

-18977 

M3.7 

o.95a8o 31,0 
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Circular Functions. 
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4.''.8 I |0 41 ,.7.o-'l 

44.0 i 40 ,( 4 .44. -;o 

4'’,'' 10 48 irj.c;:; 


40 41 4.4.8} 
4(' .1.4 I .!,(8 

48 48 .( 8 .,( 

I') .4.! 0|.()| 
I'l ,4.1) 40 . 8,1 

8 ' .48 , 47 . 1. 1 
17 o.! .!4.,| 

17 0,4 40 . 07 I 
17 "0 15,1)1 
47 IJ 4-o.:o 

47 8' 0'8.47 
47 10 .((.74 
47 -M oo.'j') 
47 .!0 .!7,.;(i 
17 .10 . 4 . 1 . 5 .} 

47 .U 10, 7 <) 
17 .(8 .l}).o5 
17 4" i-O.l. 

17 4,1 .( 8,581 
17 47 0 1. 85 1 

47 ,40 .(l.n 

47 ,’..( . 47 .. 18 I 

17 57 .M-f'.!! 

18 00 40.1)1 

48 0,1 i(). 17I 

48 07 4.044 

18 M IKS.70 
48 I, I .(I.07 

48 18 01 ..'4 
48 .11 .•7.50 

48 .-I .4.1. 7^) 

•;8 .'8 JO. 04 
48 ,ii .i(>..;() 

48 ,(5 i.},5(i 
48 .(8 4 H. 8 J 

48 44 (‘.4.(10 


47./; 

•17.8 
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Circular Functions. 



M Pu' 


75.1 

75.3 

75.3 

75.3 

75.4 

75.5 

75.5 
75.<» 

75.7 

75.7 

75.R 

75.8 
75.<> 
7''>.o 

76,0 

7<>.l 

76.2 
7^', 2 
7<».3 

76.4 

7<>.4 

7^>.5 

76.0 

76.6 
7<>.7 

7(>.8 

7<>.8 

7<'.9 

7^‘.‘) 

77.<> 

77.1 
77. « 

77.2 

77.3 

77.3 

77.4 

77.5 
77.5 
77.^5 
77.<» 

77.7 

77.8 

77.8 

77.9 

78.0 

78.0 

78.1 

78.1 

78.2 

78.3 

78.3 





38,2 9.81053 


37^ 9. 8 [705 
37,7 .81655 

37,6 ..8i(k)5 

37.5 .81555 

37.5 .81504 

37,4 9.81454 


37.0 9.81200 
36,9 .81149 

364) .81098 

36.8 .81047 

36,7 .809951 

36,6 9.8r>9.l4 


36,3 9 ;flo 685 | 


35.9 9.80424 

35.8 .80372 

35.8 .80319 

35.7 . 8 o 2 ri(> 

35.6 : 8 o 213 

35.5 9.80160 

35.5 .80107 

35.4 .80054 

35.3 .8<K)0I 

35.2 ,799.17 

3.5.2 9.79894 

35.1 .79840 

35.0 .79786 

35.0 .79732 

3.1.9 .79678 

34.8 9.79624 

34.7 -79570 

34.7 .7951.5 

34.6 .79461 

34.5 .79406 


49.4 .184205.09 

49.5 484531.35 

49.0 48 48 57.61 

49.7 48 52 23.88 

49.8 485550.14 

49.9 48 50 16.41 

50.0 49 02 42.67 

50. 1 49 06 08.94 

50.2 49 09 35.20 

50.3 491301.47 

50.4 49 16 27.73 

50.5 49 19 54-00 

50.7 49 23 20.26 

50.8 49 26 46,53 

50.9 49 30 12.79 

51.0 49 33 39.06 

5 1. 1 49 .37 05.32 

51.2 49 40 31. .59 

51.3 49 43 57.85 

51.4 494724.12 

51.5 49 SO 50. .38 

51.6 49 54 16.65 

51.7 49 .57 42.91 

51.8 .500109.18 

51.9 50 04 35-44 

52.0 so 08 01.71 

52.1 50 IT 27.97 

52.2 SO 14 54.24 

52.3 50 in 20.50 

52.4 SO 31 46.76 

52.5 50 25 13.03 

52.6 so 28 39.29 

52.7 SO 32 os .,56 

52.9 50 .35 .31.82 

53.0 so 38 58.09 

53.1 so 42 24. .3,5 

53.2 SO 45 50.62 

53.3 .50 49 16.88 
5.3,4 505243.15 

53.5 .50 56 09.41 

53.6 so 59 35.68 

53.7 510301.94 

53.8 .51 n6 28.21 

53.9 51 09 S4.47 

54.1 SI 13 20.74 

54.2 SI 16 47.00 

54.3 SI 20 13.27 

54.4 51 23 39,53 

54.5 51 27 0S.8i> 

54.6 SI 30 32.06 


34.5 9.79352 54,7 SI 33 S 8.33 
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Circular Punclloiis. 


■ -VM 

0.W5 

•avi 
, -w? 
■'•mm 
-m 

0 .y ,|0 

• air 

• ‘M.l 

■ai-i 

0.94S 

• 917 
.9.1« 
■D-iy 

o.yso 


sin 

II 

« Fo 

COB II 

w F( 

|0(I sJl) 

11 w r„' 

loo COB 

11 <-1 r„ 

II 

00 O.7.S333 
rjf ^7KV)5 
n-' .78.157 

03 .7''<.'5lO 

o-l .79581 

62,-. 

62, 

62,1 

6i,( 

61,} 

0.6216 
.6208. 
> .6200. 

.61921’ 
.618.1; 

t 78..1 
} 78.. 

1 78.5 

» 78.5 

78,1 

9 . 8;>39 

.8i).|2 

.8i).j< 

.«8()|o 

.8953 

1 34 .. 

> 31 . 

1 31 .. 

7 .M.. 

3 -!.- 

9.703.5 
.7020 
.702.1 
.701.8 
• 70 '.5 

-! .5 1.; 

7 5-1..' 

5.5,' 
/ .5.5, 

•5‘ ’.5.5\5'8''33 
.5' .57 --.[..sg 
.51 .|o ,50,8) 

.51 -11 17. 1.! 

.51 -17 -1.5.38 

05 o.7Hf).|3 
(V) .7870.1 

07 .787.')^) 

18 .788*7 

oy .78889 

61, ^ 
61,7 

6i,< 

61.5 
fit ,5 

o.6r76(j 
.61690 
.6161 1 
•61531 
.61-1.53 

78.6 

78.8 

78.8 

78.9 

9..S11.561 

.8i)kh 

. 81)03 

.8«Xi<K 

.8970. 

i .91, 1 

> 3l.f 

1 3 I.< 

^ .33.0 

1 3 . 5.8 

0.7 107 
.700.? 

.7.81)11 

/ .55,. 

.5.5,. 

’ .5.5.5 

' .55.1 

.5.5,.'' 

.51 ,51 00,63 
.5' .5 1 .5.5.')! 

.51 .58 i),;.i.'5 
,52 01 ..45, 

,5-! 01 .5,1.71 

to 0.781)50 
ti . 7 <x)i 2 
■J . 7 <X) 7.3 

3 .7913-1 

4 .79195 

61,.. I 
6 t ,3 
61,2 
61,1 
61,1 

0.61375 

.61296 

.61217 

.61137 

.61058 

TiJ-o 

79.0 

79.1 
7 i),i 

79.2 

<). 807.3. 
.8 76” 
..8.:8o; 

.8)83^ 

. 8 >S 7 < 

3 . 5.8 
. 5 . 5.7 
3 5,6 
. 5 . 5.6 
33.5 

0.7870( 

• 787-1. 

,78k8; 

• /H'l.ii 

•78.57- 

.55,0 

.50,, ) 

.50.1 
.50, -• 

5<'.,5 

,5.! 11, ‘5 .:ii.()7 

.52 It ,17.2.1 

. 5 -! 1.5 1,5. ,50 
. 5 -! l .'5 , 5<).77 
.52 22 (Vi. 0.5 

S o. 7925 (j 

ri .79317 

7 .79378 

8 .791.39 

9 .79500 

61,0 

<X >.9 

60,8 

60,7 

60,7 

0.60979 

.6)0!X)o 

.60820 

.60731 

.6ott)2 

79.3 

79.3 
7 <>.-( 
7 ‘J..| 
79.5 

9 . 8 xx >.3 

.8x).17 

.8)()7o 

.<XKK».1 

.9<k>36 

33, -1 
. 5 . 5,3 
. 5 . 5..5 
3 . 5.-1 
. 53 , r 

9 •78.5 18 
.78 16.. 

• 78 10,5 

• 7 - 85.|8 
.78291 

.56,1 

.50,1 ' 

.50.7 
.50, .8 

.59.9 

.52 2,5 .•52.30 
,52 2.8 

, 5 -! 32 2,|.H3 
,5.! . 5.5 ,51.0;) 

.52 .59 I 7 . 3 <i 

0 0.79560 

1 . 7 yf''-»i 

J .79'iHi 

3 .797.12 

1 .79803 

6n,6 
^>r ).5 
60,. 1 
<K >.3 
(>0,3 

0.60582 

.(ki5(>2 

.60.123 

•6031.3 

.60263 

79.6 

79 , <* 

79.7 

79.7 

79.8 

9.90070 

.90103 

.<xu36 

.«K)mW 

.{X>201 

. 33,1 

33,0 

3 - 1.9 

32 .*) 

32.8 

9 - 78 ..' 3 I 

.78177 

.78i,!() 

.78163 

.78005 

. 57,0 

.57..! 

.57 , .5 

.57.1 

. 57,. 5 

. 5 .! .|2 ,1,5.62 

5.! .|<i O'). Hi) 

, 5 .! .|') 3 <>. 1.5 
. 5 .! .' 1.5 02, ,12 
,52 ,'i<) 2,8 .(iH 

S 0.79862 
» .79922 
? .799S2 

1 .80012 
) .80J02 

60,2 

io.i 

60,0 

59.9 

59.9 

0.60183 

.60101 

.6iO(V.| 

.. 599 M 

.59861 

79.9 

79.9 

80.0 
Jlo.o 

80.1 

9 .'Xi 23 .i 

.<X) 2 (i 7 

. 9029 () 

.‘X1.332 

•‘Xl.jai 

32,7 

32,7 

3 .J/> 

.32,5 

32.5 

9.770,18 
.778(;o 
• 778 . 5.1 

.7777.1 

•777 16 

.57,6 

.57.7 

. 57,0 

.58,0 

fl8.i 

.52 ;;() . 5.|,()5 
, 5.5 0,5 21.21 
. 5.5 06 .| 7..|8 
, 5.5 10 1 . 5 . 7.1 

5.5 13 ,| 0 .()I 

0,80162 59,8 
.80222 59,7 
.80281 59,6 
. 803.1 1 . 59.-5 

.«0.|00 59,5 

0.59783 

• .59703 

.. 51 X '23 

• . 59 . 5-13 
.59-162 

80.2 

80.2 

80.3 
80.3 

80,1 

9 .<X ).397 

.<Xl .|;.*9 

• ‘X).| 9 | 
.<K1S26 

. 32.-1 
32 , .3 

.32,3 
32.2 
32. 1 

9.776.58 

. 77 fHi(» 

• 77 , 5 .|i 

• 77 . 18,5 
. 77 - 12.1 

58,2 
58, 1 

.'i 8..5 

58,0 

.58.7 

53 17 O'i.iiX 

53 .!0 . 5 .!., 5.5 

53 .,'3 .58.80 

5,5 .!7 2,5, (Vi 
.53 .<0 3 I.; 5,5 

o.H',).(6o 5 <),.( 
. 8 o.S «9 . 59,3 
•80.579 59.2 
•80638 5cj,i 
.80697 59,1 

0.. 59382 
..59301 
..59221 
..59I.JO 
.59060 

8 n .5 

80.5 
80, (i 

80.6 

80.7 

9 .<X‘. 5.58 

•<;<i.5<;o 

.90122 

. 9 ;»:». 5 .| 

.<x>')S(i 

. 32,1 

32 .<l 

31.9 

. 31.9 

31.8 

9. 7736.5 
.77.506 
.77217 
.77188 
.77129 

,58.H 

. 50,0 

. 50.1 

. 59 ,.! 

. 50,3 

. 5.5 .' 5-1 r 7.,':9 
. 5.5 ,57 .|, 5 ,H'i 

5.5 - 1 1 lo. 12 

5.5 -M 

5.5 .|8 o.:.(i.'; 

0,80756 

,868t5 

,8(i87.j 

.Ho ()32 

.8oy()i 

. 59,0 

58.9 
' .58.8 
58.7 
58.7 

0.581)70 

..58808 

..58817 

..587.36 

.58:155 

8: 1.8 
.‘?o.8 
80,9 
80,9 
81,0 

9.1x1717 
.SX) 7.|9 
. 9 ;» 78 i 
. 90.812 
.1x18 l.l 

31.7 

31.7 

31/1 

31 . . 5 

31.. 5 

>.77070 
.77010 
. 7 ^x>.So 
.768)1 
.7683 1 

. 59, .5 
,59.6 
, 50,7 

. 50,-8 

<10,0 

53 51 :!.8,()2 

5.5 51 ! 5 . 5 . iH 

5.5 ,5''l .!i ..|5 

M 01 ,17.71 
il o.'l I3,().H 

0.81050 

.8tinS 

.81167 

.81225 

.81283 

.58.6 

58.S 

58,-1 

58.3 

58.3 

O..58.574 

. 58-193 

.58412 

..58331 

..58250 

81.0 

81.1 

81.2 

81.2 

81.3 

9.90.875 

.yfKx>6 

.‘XX )38 
• IXx.Xk) 
.yi(XK» 

3 r.-i 1 

31.3 

31.3 

31.2 

361 

>•76771 

• 7 ' ' 71 1 
. 76 v 1»50 
•76590 

• 76.529 

lio.l 

<-0.2 

60..5 

6*0, ji 

51 08 ,|o.2.| 

■1 12 tXi.51 
■1 l.S , 5 .i .77 

1 l'8 .59.0.1 
■1 22 2.5.. •50 

0.813.12 

58,2 ( 

>.58168 

81,3 i 

>•91031 

31,1 g 

.76,169 

< h .7 

■1 2,5 .51.57 

-Islnlilii 

u F# 

oosli iu 

- F,.' 1 ( 


« Fi,’ lo 

oooihlu 

wFo' 

u 
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Circular Functions. 


0.950 [0,81542 I 58,2 
.951 

.952 I .81458! 58,0 
.953 ! .815161 57.9 
.954 

0.955 [0.81631 
.956 [ .81689 

.8 

.81804 57.5 
.81862 57.4 

0.960 0.81919 57,4 
.961 0.81976 57,3 
.962 .82034 S 7.2 

.82091 57,1 

.82148 57,0 


0.8220s 56,9 
.82262 56, 9 

.82319 5^1.8 
.82375 .56.7 
.83433 s6,o 

0.82489 56,5 
.82545 s6.4 

.82601 56,4 

.82658 56,3 

•82714 S^.z 

0.82770 
.82826 
.82882 
.82938 

.82994 

0,83050 
.8310s 
.83161 
.83216 
.83273 

0.83327 
.83382 
.83438 
.83493 
.83548 


00s 11 

« Fo' 



0.58168 

.58087 

.58006 

.57924 

.57842 

51.3 

81.4 
8r.S 

81.5 

81.6 


0.57332 




0.SS702 



0.990 0.83603 
.991 .83657 

.992 .8371a 

.993 .83767 

.994 .83821 

0.905 0.83876 
.996 .83930 

.997 .83985 

.998 .84039 

.999 .84093 


1. 000 o.8.^I47 54,0 I 0.54030 


54.9 I 0.54869 
54.8 


0.54450 


.57188 

82,0 

.57106 

82.1 

.570-24 

82,1 

0.56942 

82,2 


S 5.5 

.55453 

83,2 

55.4 

.55370 

83.3 

55.3 

0.55286 

83.3 

SS .3 

.55203 

83.4 



9.91031 

31,1 

9.76469 

60,7 

54 25 51 .57 

.91062 

31.0 

.764CS 

60,9 

54 2p 17.83 

.91093 

30.9 

.76347 

6r,o 

54 32 44. ro 

.91124 

30.9 

.76286 

6r,i 

54 36 10.36 

.91155 

30,8 

. 76225 

61,2 

54 39 36.63 

g.griK 

30.7 

9.76163 

61,4 

54 43 02.89 

.91216 

30.7 

.76102 

6 t ,5 

54 46 29.15 

■91247 

30.6 

.76040 

6r,6 

54 49 55.42 

.91278 

30.5 

.75979 

61.8 

54 S3 21.68 

.91308 

30.S 

.75917 

61,9 

54 S6 47.95 

9.91339 

30.4 

9.75855 

62,0 

55 00 14.21 

.91369 

30,3 

.75793 

62,2 

55 03 40.48 

.91399 

30.3 

.75731 

62.3 

SS 07 06.74 

.91429 

30.2 

.75668 

62,4 

.55 10 33-01 

.91460 

30,1 

.75606 

62,6 

55 13 59.37 

9.91490 

30,1 

9.75543 

-75480 

62,7 

55 17 35.54 

.91520 

30,0 

62,8 

55 20 51.80 

.9>S.50 

29.9 

.75417 

63,0 

55 24 18.07 

.91580 

29.9 

.75354 

63,1 

55 27 44.33 

.91610 

29.8 

.75291 

C3.2 

55 31 30.60 

9.91639 

29.8 

9.75228 

63.4 

SS 34 36.86 


29.7 

.75164 

63,5 

55 38 03.13 

.91699 

29,6 

.75101 

03,6 

55 41 29.39 

.9r728 

29.6 

.75037 

63.8 

55 44 55.66 

•91758 

29,5 

.74973 

63.9 

55 48 21.93 

9.91787 

29.4 

9.74909 

6.1,1 

SS 51 48. 19 

.91817 

29.4 

.74845 

64,2 

55 55 14.45 

.91846 

29.3 

.74781 

6.1,3 

55 58 40.72 

.91875 

29.2 

.74717 

64.5 

SO 03 06.98 

.91905 

29.2 

.74652 

64.6 

56 OS 33.2s 

9.91934 

29.1 

9.74587 

64,8 

56 08 59.51 

.91963 

29.1 

.74522 

64,9 

56 12 25.77 

•91992 

29.0 

.74457 

65,0 

56 15 53.04 

.92021 

28.9 

.74392 

65,2 

56 19 18.30 

.92050 

28,9 

.74327 

65.3 

S6 22 44.57 

9.92079 

28.8 

9.74262 

(is , 5 

56 26 10,83 

.92 107 

28.8 

.74195 

65.6 

S6 29 37.10 

.92136 

28.7 

.74131 

65.7 

56 33 03.36 

.92165 

28.6 

.74065 

65,9 

56 36 29.63 

.92193 

28.6 

.73999 

^,0 

56 39 55.89 

9.92222 

28,5 

9.73933 

66,2 

56 43 22 . 16 

.92250 

28.4 

.73866 

66,3 

56 46 48.42 

.92279 

28,4 

28,3 

,73&>o 

66,5 

56 50 14.69 

.92307 

•73734 

66,6 

56 53 40.9s 

.92335 

28,3 

.73667 

66,8 

S6 57 07.22 

9.92364 

28,2 

9.73600 

66,9 

57 00 33.48 

.92392 

28.1 

.73533 

67,0 

57 03 59-75 

.92420 

28,1 

.73466 

67,2 

57 07 26.01 

.92448 

2^0 

.733<» 

67.3 

57 lo 52.28 

.92476 

27.9 

.73331 

67,5 

57 14 18.54 

9.92504 

27.9 

9.73264 

67,6 

57 17 44.81 


oosti iu w Fo' 
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Fo' 

fog sin u 

.1 

.2 

.3 

9.92504 

.92532 

.925<» 

,3 

.925S7 

.4 

.92615 

4 

9.92643 

S 

.92670 

5 

.92698 



9-9291 S 


9*9.W4<> 


85.5 

85.5 *93208 

85.6 .93235 

85.6 .93251 

85.7 -93287 

85.7 9.93313 

85.8 .93339 

85.8 .933<>S 

85.9 -93391 

85.9 .93417 

86.0 9.93443 

86.0 

86.1 

85.1 

85.2 

8C.2 9-93571 

85.3 .93597 

85,3 .93622 

* .93647 

.93673 

9.93658 
•93723 
.93748 
.93773 
.93758 

9.93823 


9.73264 

• 73 !<)<'> 
.73128 
. 73060 
,72992 

9.72924 

.72855 

.72787 

.72718 

.72649 

9.72580 

.72511 

.72-141 

•72372 

.72302 


67.6 57 17 44.81 

67.8 57 21 n.07 

67.9 57 24 37-34 

68.1 57 28 03.60 

68.2 57 31 29.87 

68.4 573456.13 
C>8,5 57 38 22.40 

68.7 57 41 48.66 
6<S.« 57 45 14.92 

69.0 574841,19 

69.1 .57 52 07.. 15 

69.3 57 55 33.72 

69.5 57 .58 50.98 

60.6 58 02 26.25 

69.8 58 05 52. SI 


9.72232 69,9 s8 09 18.78 

.72162 70,1 58 12 45.04 

.72092 70,2 58 t6 11,31 

.72022 70,4 58 19 37..57 

.71951 70.6 58 23 03.84 


70.7 58 26 30. to 

70.0 58 29 56.37 

71.0 58 33 22.63 

71.3 58 36 48.(X> 

71.3 5840 15.16 

71..5 S8 43 4I.4.1 

71.7 S8 47 07.69 

71.8 58 50 36. 96 

72.0 sfi 54 00.22 

72.3 s8 57 26.49 

72.3 59 00 52.75 

72.5 59 04 T9. 02 

72.6 50 07 45.28 

72.8 59 II 11.54 

73.0 59 14 37.81 

73. 1 59 18 04.07 

73.3 59 21 30.34 

73.5 59 24 56.''k) 

73.6 59 28 22.87 

73.8 593149.13 

74.0 59 35 r5„io 
74, '2 I 59 3« 4i.«i 
59 42 07.93 
59 45 34 .19 
59 49 00.46 

59 52 26.72 
59 55 52. 99 

59 59 19.25 

60 02 45.52 
60 06 11.78 


9 9.69686 75,7 60 09 38.0s 


5.71881 

.71810 

.71739 

.71668 

.71596 

9.71525 

-71453 

.71382 

.71310 

.71238 

9.71165 

.71093 

.71020 

.70948 

.70875 

9.70802 

.70729 

.70655 

.70582 

.70508 


25,5 19.70434 
.70360 
.70286 
,70211 

,701371 























Circular Functions. 



.K7(1«M 

.H 7 t «7 

(1.M7J.V) 

o.« 7 l 7 M 

.H75-7 

,«7''-’.l 

.H7''i7-! 

(i.M77.!(> 

,H 77 (iH 

.HyH\u 

.S7H:*1 

.H 7()1 I 

.HSioi 

.HKi.|<) 

.H«i77 

.HS37(j 

.KS7i)(j 

-^^755 

.HMMoi 

.m .\7 

o.HSHt }3 

.'Hijo.io 

.H<;o7S 

o.Hyiai 


• 11 ).^ I <i ..|!)757 


..URl'* 

• I'), I 

■no 

()..|.W7 

.i».H ..lasiH) 

•l».7 .•IH7I.< 

•l.'Vi . 4 S,'iJ 5 

•1«.5 ..hW 

.|M ,5 o..|R|SO 


. 17 ,') ■• 170 -J 5 

.| 7 .H <\ 7 Kw 

47.7 .477-10 

47.7 . 47 {i<>l 

47 /> O..I 757.1 
47.5 . 47 -iH 5 

47.1 .47307 

47.3 •I 7 .ux> 

47.4 . 47 -on 

47.1 0.47133 

47.0 .47045 

47.0 .4fK)5(. 

46.8 .4(»78:) 

4 ^5,7 <y,.\(r(V)i 
..j<>(io3 
. 1 ^ 1.5 . 4 ^‘» 5 I 4 

40.4 .4O4..41 
4<'.3 

4 (),J 0.4/1440 

4(1,4 .4(1 1(H) 

4 ( 1,1 . 4 <><» 7 ' 

4(1,0 .4.5«.84 

4 S,y . 45 f<‘>l 

4 . 5 ifi 0 - 45^05 


o.4S3/»o 


. 03 . 8 |« 

.<>.Y ^?73 

• 030 -’^ 

o.‘>.iyi 7 

.0.W7-’ 

.030!>') 

.01021 

•0-10.15 

0 . 0 |O/i 0 


.S7.5 O.O-IKJO 

«7.5 .0.1214 

87, (. 

87./) .0|2/>J 

87.7 .0-l'28v'i 

ft7.7 0.043IO 

«7.« .0433-1 

87. « .01.357 

«7.0 .0-l3«'<i 

87.0 .0.|..|O5 

88.0 O-OII-’.H 

88.0 .044.5 • 

88.1 .04175 

8 S,t .0M</K 

88.1 . 0-1522 

88.4 0.0-15-15 

88.2 . 0 I. 5/‘8 

88.3 .01.501 

88.3 .04<>I4 

88.4 .Ol/».37 

88.4 0.0-l/'(''O 

88.5 .0|/'83 

88.5 .047O''> 

88 . () .«). 17 f ’0 

88, () .0-1751 

88.7 9.047711 

88.7 

88.8 

88,8 

8S,8 


24,9 9./i9rxS.-) 
24,0 ./xjf/io 
24,8 .(ioS34 

2-1,7 ./hJ'-I.S.H 

24,7 .<x;.i 8 i 

24,6 0.()<A3O5 
24,() .6(;228 
./10151 
.(KH»7-| 
.(>8007 


0.(i8o-'0 

.(hS842 

.(xS 7/)4 

.mm 

.(i8(kj8 

9.6S530 

.('18451 

.<'8373 

.(xSiOl 

.()82t5 


9 ./> 8 i 35 
.(i8(>s6 

2.3.7 ./>7<)7/» 

■23, (i .(i78;Xi 
2.3,/) .67816 

23.5 0./>77.36 
.(t/dsO 
.<»7.575 
.67.101 

3.3 .67.114 

3.2 0-/>7332 

23,2 .67251 

23.1 .(■>7i/i() 

23.0 .67088 

23.0 ./)7(X>5 

22,9 9.66024 

22.0 .6/1841 

22.8 ./)'i759 

22.8 . 66/176 

22.7 .<>/>503 

22.7 9.66510 

22.6 .6/)426 
.66343 
.6/)259 
.6/1175 

9.6/1091 
.6/i(H)7 
.65<?22 
.65837 

22.2 .65752 


75.7 60 09 38.05 

7.5.0 60 T3 04.31 
76,1 60 16 30.58 
7(>,2 (io 10 5(1.84 
76,-1 60 23 23.11 

76.6 60 26 40.37 

76.8 (10 30 15.(14 

77.0 (03341.90 

77.1 /« 37 08.17 

77.3 (>040 34.. 13 

77.5 60 44 on. 60 

77.7 (X) 47 26.96 

77.0 (k) 50 53.22 

78.0 60 5.4 19.49 

78.2 (» 57 45-75 

78.4 61 01 12.03 

78.6 61 04 38.28 

78.8 610804.5.5 
71), 0 61 II 30.81 

70.2 61 14 57.08 

79.3 />! 18 23.34 

79.5 (il 21 41). (11 

70.7 61 25 15.87 

70.9 61 28 42. 14 

80.1 61 32 (58.40 

80.3 6i 35 34./>7 

80. 5 61 39 00.93 
t^},7 (it 42 27.20 

61 45 .53.4<> 

81.1 61 49 19-73 

(>15245.99 

Hi, 5 6i 5/j 12.26 

81.7 C>i 59 38.52 

81.9 62 03 04.79 

82.1 620631.05 

82.3 63 09 57-31 

82.5 62 13 23.58 

82.7 62 16 40.84 

82.9 62 20 16.11 

83.1 62 23 42.37 

83.3 62 27 08.64 

83.5 623034.90 

83.7 /i2 31 01.17 

83.9 62 37 27.43 
ai.i 62 .10 53-70 

ai,3 62 44 19.96 

8.1.5 62 47 4(i.23 

84.7 62 51 12.49 

84.9 62 54 38.76 
8s,l 62 58 05.02 


22,1 9.65667 8s>3 63 01 31-29 


w Pa' hot) 00^1) ill 
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Circular FunctioiiH. 


I . tor) 
. >01 
. KU 
• 'lU 

I . ro.s 
. lot) 

.nr/ 

. loS 
. loy 

t . I >0 
.III 
. 1 1.» 
. 11 .} 

■ Il.l 

1.115 

. I M) 
.117 
.liH 
.119 

I . I 
. i.}i 
. IJJ 
. i.t.1 
.UM 

i . r;?5 
. ijti 
.ij; 

.]jH 

. l:i9 
i.i.io 

• i.n 

. ix\ 

. 15-1 


t.i.i.'i 
. I.}(i 
• 1.17 
■ T.lH 
. l.'W 

r . r.(o 
.i,|r 
. r.|.! 
.11.1 
. i.|.} 

. i-|(i 
.T.|7 
. i .|8 

•I '19 
1.150 


o.5;oj 




n.9[07[ 
.9>iia 
• 911.5.1 

■ 91195 

•.9UJ3S 

0,91^75 


11 u Fu 

' 00s II 

i-i' 4.5. 

{ o..|.5.i<)0 

4.5,. 

1 .45-79 

-’ll .15,. 

• .45181 

.1.59 45. 

-I.SOiiJ 

191 .I'S,! 

.4.5993 

1 .|() .M,< 

0.4 1913 

19' 44,8 

1.19 44.7 

..M«-*4 

.447.15 

|8l 44.< 

•44945 

5.15 41.1 

.4I.5.5<> 

79 44.5 

o.44.|(Ki 

14 44.4 

•44.177 

.•l.|-'87 

.59 44..1 

93 .11.-' 

-14197 

47 44.1 

..14108 

91 44.9 

0.44018 

15 4.1.9 

-I39-'8 

79 4.1,8 

.4.1838 

M -1.1.7 

-1.1718 

*<> 4.1.7 

•4395K < 


9..J35<*>8 < 

>1 4.1.5 

■ 4.1478 « 

>7 4.1..I 

.4.1.18.8 1 

9 .i;i..i 

..13 -’‘j 8 « 

M 4.1,-’ 

•43-’98 < 

7 4.1.1 

0.43118 9 

9 4.1.9 

.4.10.7 ! 

.1 4-’.9 

.4-19.17 9 

() 4ii.H 

-|.1«17 9 

; -1^8 

.4.17.59 9 

I 4'-’, 7 

0.4;>rrf)6 i;i 

1 4-V» 

•4-’579 in 

» 4-J.5 

.•l-•|85 9 

> AM 

•42.191 9< 

f 4-J..1 

•4-Moi iff 

1 AM 

0.42.113 (K 

) AM 

-(-’123 <.t 

1 49.9 

.4203.! M 

41.9 

.41041 9' 

41,9 

.41850 cx 

41.H 

0.417.59 <X 

41.7 

‘X 

4l/> 

-|l.57« 'JO 

4 1.5 

•41487 91 

41,4 

• ii.rj<> 91 

41..1 

^•41.105 01 

AM 

.41214 91 

41.1 

.41124 91 

41.0 

•419.11 91 

40,9 

••10910 91 

40,8 r 

)..|oa|i) yr, 

w Fo' 

OOlIl lu w F« 


'Fu' 


89-* 

«9J 

89.1 

«9..5 

8y..5 


89,11 9.«).5Ji9 

8«),() 

8.).7 
89.7 
8‘).7 


.951'/ 


.95*^58 
• 9.5977 
‘W*/.K 


loo 


tinh lu 
I 


Jill u <■> F,,' 

lou ni)» 

II i'„ 

1 " 

<X)8 

0.(1 'lilt, 

8;;., 

I'M (U 3i''j 

i-’o ,;j.( 

.95.'i8 

8.-i,,' 

9.1 04 .57.. 5 

>44 J-M 

.(';, I'X 

, 1'5.8 

'M ‘1.8 .-{,8 

H| 41., 

.(154 U 

) 8 i.( 

•’.i II .50. U 

Wl 41,0 

•9534 

8 

15 l(>..l 

U).S 41.8 

9. (15 .’31 

8(,, 1 

0,1 1.8 

39 4 1, .8 

•9;;i;i 

Ko/t 

o.( 08,, 8,' 

51 4I,>- 

.();;i (( 


9.1 -'5 1. 

73 .H.7 

•9 1197 

87.1. 

0,1 -’O 01 .4 

9.5 21,(1 

.(■[Nx 

•87,.} 

'M .12 47.(17 

i9 

ii.(> 4'8 i »3 

87..5 

9.1 .1,5 .53.93 

.*8 .!i,5 

•9 i;i 5 

87.7 

0,1 .19 20. 4l 

.59 41,1; 

.(i|f,„’9 

87.9 

0,1 4.: |<'-|< 

.81 41,4 

•9 l5.|o 

8.‘(,i 

'M -1'’ 12.73 

92 21,3 

•9|i.';i 

.‘<•8, 1 

<’,1 -lo .1.8. 

-M 21.3 

9.94,193 

8,8.', 

[0.1 .5.1 0.5. 4fi 

1.5 .11,4 

.9|.;7 -i 

8.8,8 

'M .50 .11.52 

»'« 41.4 

.(•1185 

89," 

9.1 ;.9 .5.7.79 

<7 21,1 


89,3 

9 1 ",t ..' 1 .05 

>8 41,1 

.(>400;' 

89, ;i 

<'l "<' .519.14 

.’9 41,0 

9.93(/I>' 

8 j,7 

('1 10 Mi.iiH 

•,0 41.(1 

.9.1827 

9 i.i 1 

9| 13 42.85 

M 40.1 J 

•9.1737 

9"..' 

<'l 17 09. tl 

»-! 40.9 

•93947 

•X'l 1 

9| •’" .1.5. ,18 

,1 .;«»,8 

■ 9.15.59 

90,(1 

<M .!| Ol.O.j 

1 20,8 

9^9.1 )(>(i 

cxl.9 

-7 27.01 

1 .10,7 

.9.U7,5 

91,1 

91 .1" .5.|. 17 

5 .10,9 

.93283 

91., 1 

<'l .11 .’'9,|'| 

• 40.9 

.9311,.! 

'113' 

('■1 .17 •l<'.79 

9 20,5 

.fUMK) 

91.8 

<*| 41 12,07 

/ .19.,5 

j.(i3(X)8 

').M 

9| 'll .1'943 

/ 20.4 

.(I2IJI/I 

9.1,3 

'1 4.8 0,5. .50 

> .!0,4 

.9.f.8,!| 

•12,, 5 

■1 ,'il 3i.7<i 

8 40.3 

.<'27.11 

<12,8 

'1 .51 .58,03 

i 20.3 

.()4 (i 3.8 

93.0 

'1 58 24.. ;i) 


'•9.;5I'> 

'13., 1 

'.5 01 50..5<i 

) 40.4 

.<'24,51 

93..5 

',5 0.5 Ki.flj 

> .10,1 

.<12.158 

'M.8 

'5 ‘'8 ,|.t.ih8 


.<i22ti4 

9|,o 

'.5 12 l«9.15 

) -MI.O 

.<'.!17t) 

'>1.2 1 

1,5 1.5 .1.5.<’'I 

> 40,9 ( 

J. 9407.5 

94,!; < 

',5 I'l 01 .fW 

19.9 

.<Hi;8l 

'll. 7 ' 

'.5 .12 .18, r.i 

19.0 

.(1I.8K', 

• 15.11 ( 


19.8 

.9i7.jr 

9.5,2 ( 

,5 29 20, (>7 

19,7 

.<'K'95 

9.5,5 » 

.5 32 49.94 

19.7 ' 

.9l<i<X) 

95, .8 ( 

.5 3''i 1.1,20 

19.9 

.<11504 

t3),ci ( 

.5 39 .19. .17 

I9,<i 

.fl|.|(K8 

'3 '.3 < 

:> 4,1 05.73 

19.5 

.<•1311 


.5 -F' ,12.<K) 

19„5 

.(1121.5 

!/»,8 ( 

.5 -I',) .58,4<i 

19.-I 9 

.9mH 

97.9 < 

5 .5.1 2.1..5.I 

« F/ Inaooiltlii 

■> F,,' 1 

II 
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o.in.ijCi 

•oi.wj 

.(jiSfio 

o.ljHiSo 

• IJiKW 
o.ui 87<) 

.UI‘W 

.yjii.l 

.U.Jt53 

.yjJ3o 

0.(>2.K)I 

•m?>7 

.<AS7.| 

O.ijafrSO 

.(;.i7()j 

.yj8(X) 

o.i; 2 M.i 7 

.y.!S7.i 

.yjySs 

0.y.3022 

•WO^H 

• U.WJS 

.yauu 

O,032O^[ 


.\o,H 


40„1 Owlo.iya 
•K>,3 

•io.j .. 10209 
.111,1 .40117 

40.0 .4(X>2(1 

.■?y.y o..mi4 

.w.« ..3y«-i2 

.1U.H .39751 

39.7 .3'X>.59 

3!;/' .39597 

39.5 0.39175 

39.1 .3y.3«3 

.39*99 
.39107 

0.3<X>I5 

.3%33 

.3H7.39 

.3K(M7 

0.3855.1 

.3H,(92 




0.37I()() 

.37073 

. 3(1980 
.3rxS87 
^j.8 .3(5794 

3(1,7 0.3(1701 
30.(1 .3(1(108 

3(i..5 .3(»SIS- 

3(1.4 ..3(1423 

3(5,3 .3(1329 

3(1, a 0. 3(123(5 


92.3 9.9(150(5 

92.3 .9(5524 

92.3 

92.4 .‘X>5(K> 

92.4 •9(557« 

92.5 9.9(5.59(5 

92.5 .9^1(114 

92.5 .9(>(531 

.<Xi()-l9 


().(>(iC)84 

.1X1702 

.9(1720 

.9(17,37 

.0755 

9.0772 

.9(1789 

.9(1807 

.95824 

.9()8 <ii 


9.3,0 9.0858 

93.1 .0)«7S 

9.3.1 .08!;3 

93.1 ,0910 

93,3 .9(3927 

93,3 9.9(5943 


9.61118 

.61021 

.6o()23 

.6020 

.(10728 

9.60629 

.60531 

.60432 

.(i03.33 

.6023.1 

9.6013.1 

.6oo.i.| 

.59934 

.598.34 

.59733 

9-5032 

-59531 

.5<;430 

.59328 

.59226 

9.59123 

.5<X>21 

.58918 

.58.815 

.58711 

9.58(107 

.58503 

.58399 

.5829;! 

.58189 


9 9.5808.} 
8 .57978 

.8 .57872 
17,7 ‘577(^> 

17,7 .'57(60 

17.^ 9-57553 
17.(1 .5744(1 
17,5 .57339 

•7.5 .57231 

17,4 .57123 

17,4 9.57015 

17.3 .S(^9ofi 

17.3 .5(1797 

17,2 .56C)88 

17,2 .5(3578 

17.1 9.5('M(i8 

17.1 .56358 

17,0 .56247 

r7,o .56137 

16.9 .5025 

16.9 9.55934 


(>5 53 24.53 
(15 56 50.79 
(6 cx) 17.06 
(1(1 03 43.32 
66 07 09.59 

66 10 35.85 
6(i 14 02, 12 
66 17 28.38 
66 20 54 .(is 
0 24 20.91 

0 27 47. 18 
0 3[ 13.44 
66 34 39.70 
0 38 05.97 
0 41 32,23 

0 44 58.50 
66 48 24.76 
(i(i 51 53.03 

66 55 17.29 
0 58 4-3 ■ 56 

67 02 09.82 
67 05 36.o(> 
67 09 02.3s 
67 12 28.62 
67 15 54.88 

67 19 31,15 
67 22 47.41 
67 26 13.(18 
67 29 39.94 
67 33 0.21 

67 .36 32.47 

67 39 58.74 
67 43 25.00 
(J7 46 51.27 
67 SO 17.53 

67 53 43.8(1 

67 57 10,0 
(i8 00 3(1.33 
0 04. 02 . 59 
0 07 28.8s 

0 10 55.12 

68 14 21.38 
68 17 47.(15 
08 21 13.91 
0 24 40.18 

68 28 0.44 
(.8 31 32.71 

68 34 58.97 

(i8 38 25.24 
0 41 SI. 50 















Circular Fitncliotis, 


11 

sill tl 

I . J<M) 

9 .<). 329 .| 

.291 

• 9.32 19 

. 2(12 

. 9.3279 

. 29.3 

■ 9 . 331 2 

. 2 <M 

. 9 . 13 -lS 

I . ;Jil .5 

9 . 9 . 3.381 

. 29 f> 

• 9.3120 

.207 

• 931 . 5.5 

.298 

■ 9.3191 

. 291 ) 

. 1 ). 3 . 52 () 


0 . 93.592 

...Ml 

■ 9 . 3.597 

.212 

•'>. 30.32 

•213 

• 9.3997 


I ...M.'l 
.JlU 

..>17 

.Jl«> 

1 . 2 JO 
. J.f I 
. J.! J 


r . J JS 
.J .!7 

.jjK 

I . J;«) 

. I 

. --i.w. 

• •M.l 

I . .M5 

-MS 


•03S.ll 

• yjS;^) I 

o.03<ji(>| 

.‘)307S I 

• f>|oi3 
•010-17 


«F./ 

3(^-• 

a**.* 

30." 

35,9 

a5,s 

.«.7 

35.0 

35.5 

35.1 

.15.3 

3.5.J 

.3,5.1 

35.0 

.31.9 

31.5 
.31.7 
3l.<> 

3 

.31.5 

.3-1, .1 
.31.3 
3-1.-’ 
.3-1.1 
.3-1.0 


0 . 9 .|<kSi 33.0 

■9-Hi-f 33..S 

•9li-|S 3.3.7 
.O-MSj 3.3.0 
•9I.JI5 .33.5 


0.9 l-’-lO I 

•9-13 »i 
•9-13 19 I 
•9i.3.S-» 

<■>•91115 

•9|.(.(K| 

•OMSi 

•91.513 


. 3 . 3.-1 

33.3 

33.-J 

. 3 . 3.1 

.3.3.0 

.33,0 

3.J.9 

3~*.« 

'. 3~'.7 


o.:3<»J.Ki 

•30I.J3 

• .3<>0-l9 

• .35«J.5<» 

•35S:)3 

0..357fK) 

•.35‘-‘70 

..1.55.SJ 

•35I.S9 

•35.39.5 

0.3.5.30J 

..3.5J(kS 

•.351 15 

• .35031 

• 3-I3W7 

0-.3-l.S3-l 
.317-10 
.3.|0.1<» 

• .31.55-J 

• .3.M.5S 

0-.3-L3<»5 

• 3-1.71 

• .3II77 

• .3.|«'S3 

• .3.3'.>Sf) 

0..33S‘»r. 

• .3.3'StK) 

•.3,370(» 

..1.301.! 

.. 3.3.5 tS 

0.33 1-*.! 

..33.3.30 

.33^.3.5 

..33t.n 

.3.VM7 


F«' 


93.-’ 

3 >. 3 .-’ 

9 . 3.3 

‘J. 3..3 

9 . 3.3 

93.-I 

93.-I 

93.5 

03.5 

9.3.5 

9 . 3 . 3 » 

9 . 3 . <* 

9 . 3 . <» 
f^. 3.7 
9 . 3,7 


■ 2.39 

• 9 - 1.519 

. 12 , <> 

(■.•|0 

9 - 91.578 

. 12,5 

.J.II 

.<);| 9 I I 

32,1 

..!.|2 

■ 9 . 19,13 

32,3 

• 2 . 1.3 

■ 9 I<' 7.5 

. 12.-2 

• 2 .|.| 

.<91708 

. 12,1 

I • 21.5 

0 . 9 . 17-10 

. 12,0 

. 2.19 

■ 9-1772 

. 11,9 

. 2,17 

■ 9 I- 80.3 

31,8 

.218 

■ 9183.5 

. 1',7 

• 2.|9 

.y .|897 

31.9 

1 . 2.50 

(). 9 .lS(>S 

. 11, .5 

II 

1 hImIi III 

«oF»' 


O.3J05;‘ 

..3-’.S5.S 

.. 3 .J 7''3 

.3J3'*('i<> 

•3-’57.| 

o.3.*|8() 

. 3 -’. 3 N 5 

.3JmX» 

.3Jroi 

0.320031 

..3191a 

.31S17 

.3i7-’a 

.31O27 
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TABLE IV 


THE ASCENDINQ AND DESCENDINfi EXPONENTIAL AND 

Log,o(e“) 


NOTit. — 111 Table IV, for u greater than 2.302, the tabulated value.s of 
the ascending exponential may .sometimes be erroneous to one unit iu the 
la.st place. 
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The Exponential. 
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The Exponential. 
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The Exponential. 
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The Exponential. 
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The Exponential. 
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The Exponential. 
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The Exponential. 
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'I'lio luiinlicrs in sfiiiiirc hrackcls denote the numbers of figures lielwcen the 
last figure given nml the decimal point; for example, the first nine figures of c 
arc 5111.170553, and there arc 13 adcHtional figures luifore the decimal point is 
reaciied. The lutinber.s In parentheses denote the numbers of cipliPTs between 
Ihc fU’cinial point and the first significant figure; for example, m c tlicro are 
at ciphers lietwecn the decimal point and the figures 19287.1985. 
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Auxiliary Table for Interpolation of Logjo(e«), 

(p=n X 43429.44819 • • •) 
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AuxiHary Table for Interpolation of 
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TABLE V 


Notk.—Tu 
Hufficcs to 
the It\Ht place. 


NATURAL LOGARITHMS 



Table V, for «' greater than 158, linear interpolation of 
give ft value who.se error is not greater than one unit in 



Natural Lojjnrltlims, 
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T';'i ; 510 

107 . ,r8,i .’I I i ,;m8 

I<71 '7 i ;,l);i 

M-fJ j -in.'i 

7'^) ' ;i..;'>.84-! , .'i'xi 















Natural Logarithms. 


250 

5.52146 

251 

5.32545 

252 

S.52<).13 

253 

5. 5.3339 

254 

5.537.33 

25s 

5. .54126 

256 

5.54.5>8 

257 

5..5-I‘)“8 






ItiXI 


\7 


3« 

.5.47227 

39 

5. 47646 

40 

5. 480^*4 




5.55<>S3 


S. 57 -J 15 


5 * 5 y«W 


}7.j S-01313 


m 1 5 .O 3 U 1 


5 '^M 5 I 5 

5.6.|8y7 

5 .^» 55 W 

.S/’ 5 U<lH 

SJ/rji/y 

5.r)r»yB8 
5. <>733^ 
5.<'7<»75 
5,{>»oi7 

5 .O 8358 

5.68r«)8 

5 .<i 903 (j 

S/>9373 

5 . 700^14 

5.70378 


5.70.378 

.333 

5.70711 

332 

5.71043 

.331 

5.71.37.3 

330 

5.71703 

329 

5.72031 

328 

5. 723.59 

327 

5.72^)85 

326 

5-7.3010 

32s 

5.73334 

324 

5.7.3657 

.323 

5-7.3979 

322 

5.74300 

321 

5.74620 

3 '9 

5-74930 

318 

5- 752.57 

317 

5-75.574 

316 

5.75890 

31.5 

5.7620s 

314 

5.76519 

313 


liil 


5.76832 

312 

5.77I-14 

312 

S.774S5 

311 

5.77765 

310 

5.78074 

309 

5.78.383 

308 

5.78690 

307 

5.78996 

306 

5.79301 

.305 

5.79606 1 

304 


303 


5.80212 

302 

5.80513 

301 

S.808U 

300 

5.81114 

299 

5.81413 

290 

.5.81711 

208 

5.82008 

297 


lisiSIa 


3.50 

5.85703 

286 

.351 

5.86079 

285 

352 

5.86363 

284 

353 

5 . 8()(\|7 

283 

354 

5 . 8 (i 930 

282 

355 

5.87212 

2S2 

3.56 

5.8749.1 

281 

357 

5.87774 

280 

358 

5.88053 

279 

359 



360 

5.88610 

278 


S. 82600 

295 1 

5.82895 

294 

S.83188 

293 

5.8.3481 

292 

5.83773 

292 

5.84064 

291 

5.8.3354 

290 

s. 84644 

289 


5.85220 

5.85507 

287 

287 

5.85793 

286 


373 

5.92158 

374 

S.92420 

375 

5.92693 

376 

5.92959 

377 

5. 9.3225 

378 

S.9.348<) 

379 

5.93754 

380 

5. 94017 



388 


5.04542 2[>2 

5 .() 4 Ho 3 2Cn 
5 .050^).} 200 

S.Q 5324 2 rx 3 
5.95584 
5.95842 
S.(j6ioi 
s.'AisB 

5 . (/)<*>! 5 256 
5 .(/)H 7 i 256 

5.97126 255 

5.97381 254 
5.97635 354 

5.97889 2.53 
5.98141 253 
5.9839.1 252 
5.986.45 251 
5.(j‘J8y6 251 


400 5.99146 I 250 
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Natural Logariihniii. 


•100 5.f)(ji46 

■lo-' 'i.<)'y)45 

•m 

.[O-i (i.t.X)l4i 

-|05 

/[Oil 

4(17 (j.oofiHi 
4(iM 0,01 ijy 
40(j (1.01372 

.•|io (j.oi6i() 
■111 (1.0185^ 

412 (1,02(02 

4M (1.02345 
414 (>.025vH7 

,115 ( 1 .o:; 8 aH 

410 (i. 03 <)(K; 

•117 (>.033()(> 
418 (1.03548 
411) (>.04787 

420 (i. 0.1025 

421 (1,04263 

422 (i.o.|5ot 
•115.1 (>.047.17 
434 (i. 0 .l<) 7.3 



43.'! 6.o520<) 

426 (i,o.S .144 

447 6.05(178 
428 (i. 05012 
43y 6.o(>i.i(i 

4.10 6.ofi37() 
431 (i,<j(r(in 
43.f 6.0(1.843 
4.1,1 (1.07074 
4.14 6.0730,1 


6. T0925 
(». 1 1 147 
(1. 1 13(18 
(i.M58<) 
6. 1 1810 

6. 12030 
6 . 12240 
457 6. i2.|(i.S 
.458 6. t2;k87 

459 6 .J 2 I )05 

460 (i.13123 

461 <i. 133.10 

4(12 (1.13556 
4(>.1 (>. M 773 

464 0. Ijy8.8 

6.1.|20.( 
(>.14419 
<1. 14 ('. 1.1 

6. i.|8.j7 
O.I50(K> 

6. 1537.1 

6. 15.18(1 

6. iSlkxS 

6.15910 

6.1(1121 


mm 


2.1.1 480 

233 481 
231 .|H 2 

2.11 .183 

230 -iKl 

2.10 .185 
229 .|K(i 
229 487 
228 48H 
228 489 

227 490 

227 491 

22(’) .|92 

226 493 

22s 494 

225 495 

234 496 
22.( 497 

22.1 498 

233 499 


222 I SOO 6 


6. 1(1752 

(i. 1(19(11 

6. 17170 

6. 17379 
(1. 17587 
6.17791 
6. 1K002 
6. 1H208 

6.1.8115 

6. iKoji 
(1.18826 
(j. 19032 
(». I923(> 

6.19441 

(>. ip 14.1 
<>, 19848 



6, 

,2I.}6i 

6, 

,;!I(XH 

(i. 

,21.8,X) 

6. 

, 220.5(1 

(1, 

,222:, 8 

6. 

22,156 

(1. 

22051 

0. 

22.851 

(1. 

2.10.18 

(.. 

23245 

6. 

23.1.1 1 

6. 

2.1('37 

0. 

23832 

0. 

24028 


514 (>.24222 

515 6.2,1117 
5i<) (1.24011 

517 6 . 3 ,| 8 ii| 

518 <>. 2.|'>98 

519 6.25190 

520 6.25.183 

521 6.2.5.575 



<•.28113 

7 6.28'iiio 

8 6.2.8786 
(j.2.8<.i7J 

6.291.57 
6.20.112 
6.2 «i .527 
6.29715 
6.2yH<;.5 

6.3(X)79 
6.302(12 
6.30.1 15 
6,30f»28 
6.30810 


5.50 (i.3<'x>0J 182 

. 5.51 (i. 31 173 181 

. 5 . 5 -’ 0.31355 181 

. 5 . 5.1 0 ..(l, 5 .i() 1,81 

.5.54 (’-.ll/Ki 181 

. 5 . 5.5 6 .. 1 I.‘(o 7 l. 8 <) 

.5.5(1 (*..(-;o77 1.8(1 

.5,57 0 . 3.!.!.57 l8<i 

.558 0.3.;, 13(1 lyt , 

. 5.59 0.32015 179 

. 5 (kl (i. 32701 179 

. 5 <>l (j.3-''>72 17.8 

502 ('..l.U;,(i 178 

.563 6.3,1328 178 

5 ('l 6 . . 13 . 50.5 177 

5(1.5 6.3.16M3 177 

. 5 (ki (•-, 1.<'850 177 

. 5(»7 (»..1.|036 17(1 

ii08 ( 1 . 3121,1 176 

. 5 (>!> 176 

.570 (o.M'Km 17.5 

. 57 ' (’..M 7 .I 0 17.5 

.57.1 ( 1.31011 17,5 

57.1 ('.3,5oH<j 171; 

. 57.1 ('..1.52:13 17-1 

.575 6 . 3 , 54.17 174 

57(1 ('.. 1,5011 
577 ('..1,5781 
,578 (>. 3 . 5 o)i 7 
579 ('..K'MO 

•iHo 6.36,103 

581 0 .. 10175 

r>8.j O.3U117 

583 (i,.i(i.8i(j 

58.1 (i. 3 fK;»A) 

58.5 (1.3716: 

.'V'Ki (>.. 17 , 1.12 

587 ('. 375 ",.’ 

588 6.37073 

,58;; 6.37H13 

590 6.38012 

591 6.38182 

59.1 (1.38.151 

593 ('.. 18,519 

591 (... 18 :>,‘ 1.8 

59.5 ('.3W.;(i 

5 <Xi 6.39021 

.597 6.39102 

.598 6 . 3 ./ 15 .J 

599 6 . 39 'i 2 (i 


6.30992 182 I Coo 6.39'k)3 


ONIAN TAIIkta 


206 












Nntural Logarithms, 



» Fo' 

u 

15-4 

700 

15-1 

7«i 

153 

702 

•S3 

703 

153 

704 

•53 

705 

•Sa 

7()() 

•52 

707 

152 


• 52 

7oy 

152 

710 

•5« 

711 

• 51 

712 

• 51 

713 

• SI 

714 

•SO 

71s 

1S<J 

716 

15“ 

717 

• 5«» 

7rS 

h\(j 

7 UJ 

I'l?) 

720 

••W 

721 

i-W 


••«) 


I.|8 

ral 

MH 

HI 

i.|H 

720 

i.|H 


• 17 


1-17 

II 

1<17 

730 

•47 

731 

• 17 

732 

i.|6 

733 

i.lh 

734 

146 

735 


73l» 

i.|0 

737 

145 

7.iH 

145 

739 

. MS 

740 

145 

741 

14s 

742 

■ESI 

743 

•44 

744 

144 

745 

•44 

74<i 

143 

717 

•43 

74« 

143 

749 

143 

750 

0—* 

0* 


lOOutl 

w Fu' 

II 

lODuU 

(0 Fo' 

6.55108 

•43 

750 

6.62007 

•33 

6.5.5251 

•43 

751 

6.(i2i4i 

•.33 

6.55303 

1.12 

752 

6 .() 3.74 

• 33 

6 .S 553 <i 

r.|2 

75,3 

6.62407 

133 

6.55678 

142 

7.54 

().() 253 y 

•33 

6.55820 

142 

755 

6.62672 

•32 

6 . 55</>2 

(42 

756 

6.62804 

132 

6 . 5 (il <»3 

141 

757 

6.6293(1 

132 

6 . 5 <» 2 .U 

•41 

758 

6.63068 

1.32 

o.sojik) 

141 

759 

6.63200 

13a 

6.56526 

•41 

760 

6.63332 

132 

6 . 5()()(>7 

141 

761 

6 . 634()3 

131 

6.5(i8(hS 

(40 

762 

6.63595 

• 3 t 

6.5(i(>(8 

(40 

76.3 

6,63726 

131 

().. 57088 

140 

764 

6.63857 

131 

6.57228 

140 

7^>5 

6.63988 

•31 

6 .. 573<‘8 

140 

7()6 

6.64118 

•31 

6.57508 

•.39 

767 

6.64249 

•30 

6.57647 

•.39 

768 

6 . 6.1379 

130 

6.57786 

•39 

7139 

6.(4509 

•30 

6 .. 5792 S 

1.39 

770 

6.6V1639 

1.30 

6.580(14 

• 39 

771 

6,6.1769 

•30 

(•..58203 

•30 

772 

6.64898 

130 

6.58341 

1.38 

773 

6.65028 

129 

6.58479 

138 

774 

6.65157 

129 

6.586(7 

13R 

775 

6.65286 

129 

6..58755 

138 

776 

6. (>.54 IS 

. 129 

6 . 5 .S 8(>3 

13H 

777 

6 . (>5544 

129 

6 .s<k >.40 

1.37 

778 

6.6567.3 

120 

6.59(67 

137 

779 

6.(is8()i 

128 

6.59304 

•.37 

780 

6.65929 

• 28 

6 . 594 I« 

•37 

781 

6. (><>058 

128 

6.59.578 

•.37 

782 

6 ,()[)i 85 

(28 

6 . 597 >S 

•36 

7«.3 

6.663(3 

128 

6 . 59«51 

136 

7B4 

6 . 6(441 

128 

6 . 59‘>87 

136 

78.5 

6.66568 

T 27 

6.(10123 

136 

7m 

6 . 66(46 

127 

6.60259 

• .36 

7H7 

6.6(1823 

127 

6 .(«i 394 

136 

788 

6.(16950 

127 

6.60530 

135 

789 

6.O7077 

127 

6.6066s 

I. 3 S 

790 

6.67203 

127 

6. ('•0800 

•35 

791 

6.(17330 

I2(> 

6 .(kw 3 S 

135 

792 

6.(174.56 

126 

6.61070 

1.35 

793 

6.67582 

126 

6.6(2a| 

134 

794 

0.67708 

126 

(1.6(338 

134 

795 

6.67834 

126 

6.61473 

134 

7 lX» 

6.(179(10 

126 

6.6(()07 

131 

797 

r>.Ms 

•25 

6.617.40 

•34 

798 

6.()82[i 

125 

6.6187.4 

134 

799 

6.68336 

IZ 5 

6.62007 

133 

800 

6.6ai6r 

125 

— 

m 

oX 

■HH 

m 
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I^atural Logarithms. 


802 

803 

804 

6.6187:1 

6.68S35 

6.689^ 

80s 

6.6 


806 

1 6.69208 


SaS 6.71001 
820 6 . 72022 

830 6.72143 


834 6.72623 


039 6.73221 


8-17 6.74:70 

848 6.742S8 

849 6.74406 


u 

lOfloU 



850 

851 

852 

853 

854 

S53 

856 

6.74524 

6.74641 

6.74759 

6.74S76 

6.74993 

6.75110 

6.75227 


858 6.75460 

859 6.75577 

86a 6.75693 
861 6.75809 




6.76041 

6.76157 


867 6.76504 

868 6.76619 

869 6.76734 

870 6.76849 

871 6.76964 

872 6.77079 

873 6.77194 


H9 890 
119 891 
1 19 892 
1 19 893 
118 ^4 

118 895 
118 896 
1 18 897 

118 898 , 

118 J ^ I 


6.77992 

6.78106 

6.78219 

6.78333 

6.78446 

6.78559 
6.78672 
f 787S4 

6.78S97 

6.79010 

6.79122 

6.79234 

6.79347 

6.79459 

6-79571 

6.79682 

6.79794 

6.79906 

6.80017 

6.80128 



6.82329 

6.82437 
6.82546 
6.82655 
6.82763 
6.82871 

6.82979 
6.83087 

927 6.83:95 

928 6.83303 

929 6.83411 

930 d.83518 j 
93 f 


6.84053 


6.8srr8 


965 

966 
0('>7 
968 

100 969 

109 970 
109 971 
108 972 
loS 973 
108 974 

108 975 
108 976 
108 977 
108 978 
108 979 


108 I 980 

981 

982 

983 

984 


984 6.89163 102 
107 1 985 6.89264 102 




953 6. 85961 105 

954 6.86066 105 

955 6.86:71 105 

956 6.86276 to5 

957 6.S6380 104 

958 6.S6485 104 

959 6.S6589 104 


6.86693 

6,86797 

6 .8;k,oi 

6,87005 

6.87109 

6.87213 

6,87316 

6.87420 

6.87523 

0.87626 

6.87730 

6.87833 

6.87936 

6.88038 

6.88141 

6,88344 

6.88346 

6.88449 

6.88551 

6.88653 

6.88755 

6.&8857 

.6.88959 

6.89061 


118 I 900 6.80239 


987 

6.89467 

101 

988 

6.89568 

1 lOI 

' 989 

6. 89(^9 

10 1 

990 

6.89770 

roi 

991 

6.8987: 

lOI 

992 

6.89972 

lOI 

993 

6.90073 

lOI 

994 

6.90174 

lOl 

995 

6.90274 

lor 

996 

6.9037s 

100 

997 

6.90475 

100 

998 

6.90575 

100 

999 

6.90675 

100 

1000 

6.90776 

100 
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Nutnrnl Logarithms. 


(i.tjioy.! 

1)1001 

(i.yfi'xjy 

(i.tiiji iM 

(!.*)<> l-'i") 

6 ,|></ 

y.<Ki.v'y 
y.oi l.^t 
7 .oi «|0 

7 .n-M 7 (i 
/.(i.iyiK) 
7. <11^,50 

7.0. ';<n.} 

7 .0. 'iH 7 () 

7 .(>(i,';(>i 

7.'*7-|i-’ 

7.»)«i..U 

7.<)<,)oyi 

7 . iiKiMfl 
7 . 1011.1 
7. Hxri!) 
7.n,io!i 
7'n'j.iH 

7 . 1 . '!) 1-1 
7 . 

7 , i.i.Si )7 

7.1. 'W.)7 

7- : 

7. 

7. Hil(i .3 
7.10.317 
7. 1O7M1 
7 . 170 H 1 ; 

7 -i 7-"‘|2 
7. 17540 

7 ..iM.|0.i 

7 .iK'iI .1 

7. KX/hS 


7-;«Sf>H 

y.xjiKV/ 

7.j.f,|75 

7.-J405<' 

7.-*-U5« 

7-AM)fM 

7.;i<ioi>.! 

7--‘au 
7 . -2' '-174 

7 .. 2 (i 753 

7 .:J 717 o 

7 .- 277-25 

7 .. ;! 4 o:i! 

7 .. 2 H« 4 ‘> 
7--*«5St 

7.W470 

7.4“‘>I7 

7 . 4 {>iH;j 

7 . 4015.2 

7 . 405 .% 

7 .. VA 5.1 
7.4I-255 
7 . 4 ^ 205:1 

7.. V^!- 

7.. W3<'« 

7 .. 11 *. 1 « 

7 .. 4 t.s;i<» 

7.. VI7'M 

7 . . 151% 

7.. 'ir><'!>-2 

7. . 1.5047 

7.. 1<>4.55 
7.407(K't 

7 .. 47 . 5 »« 
7.;17H4H 

7.. 'lftj!2 

7‘^.W 

7 .. 15. 5«5 
7 ..1^25^* 
7.301 wo 

7 . . 10410 

7 .. H){Ki 3 
7.4li27<) 
7.4i^>.1’‘^ 
7.4i«7» 

7-4iO‘X‘^ 

7 . 4 . 14 ^ 

7.. 1.1('fp 

7 . 4.1789 

7.4-l'.1oo 



7 .. 5 1 21.12 

7.. 5--'%7 

7.. 5.1-’O0 

7 . . 5.1-12.1 

7 .. 535 .10 

7 .. 5 . 174 .1 

7 .. 5. 1 H 10 

7 . 54 . 1 % 

7 .. 5501 1 
7.5.5.1-’0 

7.55'M.1 

7 .. 50 57 0 

7 .. 5 ''<'-‘ 1 .t 
7 . 57.507 
7.57010 

7 .. 587.1 T 

7 .. 500.15 
7 . 501.18 
7 ..50740 

7 .. 50040 

7.6(K)40 

7.()(iJ.|0 

7.1'0-\lO 

7.<>M3i 

7 .^ 115.10 

7.02O2r 

7.(i27(/i 

7 .0. HO 2 
7.<‘»3.|82 

7.(l|0()0 

7.<Mi.5<> 

7.f»l3-|8 

7.01414 

7.64922 


21 n 7.65.102 
2113 7 .os.';«% 
2121) 7.%.1|1 
21311 7.<'<'4.1.5 

2137 7.6t)7i6 


21-13 

7.<xx,lX) 

215.1 

7.()7.lO-’ 

2IOI 

7.078.13 

2170 

7.6^161 

2203 

7.6975S 

2207 

7 MfKM) 

2213 

/./OJfO 

2221 

7 •70.57 1 

2237 

7.71289 

2230 

7.71.178 


2<)00 I 7 .K ()()72 


2251 7 . 7101.1 

2267 7.72(»ii 

2269 7 . 727 <K 0 

2273 7.72886 



2l*yj 7'V>^^\ 
2707 7.90.7(’X) 


2729 1 7.9iit6() 


2740 1 7.0 i8 :)1) 


2:?<)7 I 7 ' 0-1552 


7 . 0 - I 4 I 4 

7 . 0 - t<W 


2872 ^ 7 . 1 X >520 
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Nntiirnl r.4)|:(itithni<i. 


.{OH) 

.'{.(»r.;f»8 

,{0.!,{ 


,{0,17 

.{0|1 

,{0.|0 

,{0^0 

.{O'*/ 

.8.01.8 

8.ot«)'>| 

M.(k.:45/ 

8.4».;8|(» 

ssBaBSMa 


.S.o.ufrf) 



;U,>t «.!<« 



H.iifsol 

ehei 

iiaHwni! 

M<'7 

.'{iHi 

.1(8/ 

H.ofVr, 1 

8,oti(i.8( 

;iii8 

.i.';o.{ 

8.()/t8| 

.1.MI 

8.0/.1/1 

8,o/<t.'{j 

8.1*77.15 

8.(»/‘;y.l 

i-’;i/ 

.'{.u8/55 

8.uS.8;,<’i 

{■i.'i') 

8.<>8*ji.S 


8.107.1-* 


«. I n^ji; I j;ov 

}{. I 

8 . i.M=iO I . 17 /' » 

S.i.rSJiS' 

8. 1 


8. Ks'l-^i 




8, llxr 41 




■loi.y 


•lOJM 

•I"..' 

•I* '.^7* I 
•8»7.< 

•lO-JJ 

•;<V.4 I 

•IK/) I 
4111 
.|ld/- 



('• .1 i/.t i 

•1 - 

,1 '.‘i: ' 

J M‘ 

■ i 

•1 • j 1 


I' 1.1 

1 ,i - .",1 


■ 8,,I,,m.'5 

■{ ■'} 

•*'..1, 

\ ' ’I 

. •* ,r-/ ' ' 



-S*7.{ 

! 

-S-Vt 

1 

; ’{..V'-' (J 


•''..lO.l 'I 

1 


•1.1 

i 

•1.1.1/ 

j 

•J Mo ^ 



: .0, 

-iVu 1 

M. 1 

■l.i'M 1 

4 ".I- 

i 

8. .l-'i, !.,■«< 

■i.i’O : 

8. iM;- {1 

• 1 1'.7 : 


.{i'M i 

I'll ;>* 

lui : 

.'i j.iil , 

" j 


Uii 

8. V.-'- 1 

r.)/ 

8. 

-nr 

-■•-■'''•'I 

•n-.' 

.'i, ;>» ; M 


t': 


is, 

•1 S8.( . 

(i.-iW.,-. 

•H'M 

8. 'll 


8 , ,JI,( !'J 

i 

‘■l. 1* 1/.' 


8 S 1 

•1 ii'# 

8, }»<«.;, 

•I5-.1 1 

8. 
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Niilural I.onaritiunii. 


71S7 

7'^! 

7207 

7211 

7-J1.3 

72 K.) 

7-’:2!J 

7-^.17 

7 M 7 

7-’.'i.1 

7-’H.^ 

7-!';; 

7307 

73<>U 

7321 

733t 

7333 

734'.) 

7351 

73(''9 
7393 
74 1 1 

7417 

7433 

7451 

7457 

7450 

7477 

74«i 

74«7 

74H!; 

7 -m 

75H7 

7517 

7523 
7520 
7537 
754 1 
7547 


L0Di:ll 


H.HSoo.5 

S.fWoMf) 

H.SSjSi 

H.<S.'^430 

S.ft^ll7 

.S..SM.=;N(i 

.S.i43!x,if) 

H.K,S77<) 

H.KHS.m 

S.S8<)I7 

H.8<M3<) 

-M.HcoS; 

8.(;(i()i.i 

8.(J()J3.. 

H.'jo.’.W 

8.(j05n4 

M.ijoMjfj 

153 


7C..M 
7<‘3') 
7'* 13 
7640 

7f'73 

7(>Xi 

yi'x'iy 

//)(>! 

77<M 
77 1 7 

7723 

7727 

77 H 

7753 

7757 

775') 

77- '4) 
77')3 

78*7 

7H23 

78- io 

7841 

7853 


8 .()iCiio 7H’>7 
M.iJiKkM 7H73 
H.(jI7iH 7K77 
H.oio.w 
H.yjoij 7HH3 


7540 
7550 
75''' I 
7573 
7577 

7583 

758) 

750 r 
7 <x)^ 
7()07 


8.02110 

8.9225; 

8.023.59 

8.02402 

8.92572 
H.<)2(i52 
8.927.58 
S. 9281 1 

8.92891 


0X 


8.92917 

8 . 9 .] 0.|9 

8.93076 

8.93234 

8.93287 

8.933('i6 

8.9.34 16 
8.93472 

8.0363 (j 

8.0J<i82 


7!X)I 

/'joy 

7019 

79.7 

703.3 

my 

7040 

70.SI 

7 m 

7 m 

8(10<; 

8011 

8017 

8050 

‘‘^5.3 

8051; 

8iXh^ 

8081 

8987 

8(V39 


e* 


i.ilO.II 


8.u|J<» 
8.<)M55 
.8.0J ’.U 

8.9 15 JO 
H.ii 

8.9 17.81 
8...j8‘85 


.8.91947 
8 , 9 :>« >8 
8 . 9419(1 
8.9:;.; |.‘ 
8.'j;; |,; 

.''.95.''8 j 

.' 3 .'; 5 '‘ 3 : 

8.9;,(i(H 

M.o'khV 

H. 9'^*>8 

.H.(/»J 9 

8.1/1559 

8.9!i7t 

8..,;.;(»5 

8 .(^ 7 (M 3 
8.971 <9 
8 .(i 7>79 
•S.ii/ti/i 
8. ‘72 j<i 

8.97171 
33. '7.559 
8.9779. 

8.9789. 

8.17879 

8 .i 79.:(» 
8.98989 
8.(j.'3t9i; 
S.dS.'sO 
8. (>89,1 2 

8 ..P 3 .S 4 ,- 

8.94W57 

8 .i/v, 4 ,r 
8, «/).'<»() 

8 .ij.>| 5.| 
8 . 9 (>. 57.‘3 
8.(><7..7 
8. (><>'391 
8 .«> 7 .S.*(t 


.Sum 

.8111 

.Sm7 


8147 

8 |( 

8171 

8179 

.8191 

821K) 
8.:19 
8,j • t 

i3.r.U 

8,r.»3 

82.J7 

8 'U 

8 .r'.i 

8.7.1 
8,-87 
. 8, -91 
8.'-M 
. 8..-.7 

8 ut 

8.117 

8.J,:9 

8.153 

33.10.1 

841 

•'3477 

33487 

31{8, 

8119 

f3l.!.l 

84.'9 

8141 

8|4.1 

811; 


H|6i 

8,(i7 

8<,9I 

‘3.514 

8.5JJ 

8.5-7 
8>;.17 
8.53') 
8.5 |.l 
8.51*1 




llltl.ll 

f| 

1 Il0.lt 

1 “ 

li'U.ll 


• * v*. 

«(.“ 4'.i7 

'A«I| 

9 . hi ,n 

I 


•).9 .7.*( 

'.lit.' 

‘J. II 1 ,V 

9.«*''*2' 

•8., 9. 


‘AH 1 




9.9 >.*JM 

•All { 


9.9*' J., 


l.l 1-', 1 

‘1, Ht.'v' 

(i.iii;; j> 



l.OJI 

'1, li»j, 

‘j.i'i. i ^ 

' » * * 


1AI| 1 

1), IlM,; 



9. n. 

i \* 1 

•9 1 In 1 


. 8 .JI 

V 

*»* ,, 1 

9. I 1 I 

*44 

fitj;.' 

1'7 

1 > 

'J. 1 1 ,',|l 

9 . 9197 .J 

X . 1 

• (.m’l* j 


9, 1 1 ;<i 

9.9I.V* 

{■!;*., 

i 9.‘*'7.''<1 

9I>> ( 

•1, 1 11, ;i 

• I.i9 1..M 

•’*' C 

: »'-:j 1 


‘Ml,,. 

9,19 H5 

.’iSM 

: 

91 

<1. t l.8v 


8’2«> 

1 8j 

t 

91, •< 1 

9, 1 h) 1 ; 

9.'»t..‘Pl 


1 

9.9;'.*.’7 

9147 1 

9. I.'IK'I 

<i.n|.H9 

• 9 

9.<r'|a.<« 


9. •Ill, 

9.(9;-|2 



91 ’ 

*). 1 ' ‘ •, 

9.9(9 .4 

•8714 

- . 9.7 

i 

9. ’.',9 

9.l*'927 

87(.| 

. 9 . 97 , j.it, 

')>7.t j 

9. (-•in 

9 . •'.‘975 


; 'i.o/tO} 


9. ..‘I, ".I. 

9.9:--|J 

8/.17 

f 9.07'..1J 

9(''7 ; 

9, 1.r..;n 

9.9,'.-.U 

• 8 ;n 

j '(.•c*. '* 

9(*.9 ! 

9, 

9.9.*II7 

8747 

t ‘l.o;**},:'’ 


9.1 .‘7 

.i.9,'4!i5 

•‘7, -4 

• 9. 97 .') 5 

i 


9, 

9.9/ .4 J 

8 ; 9 

• ' 1 . 

9 1 1 

',9 ( .'ij.tj 

9.9,“'«.(l 




9, 1 .:'A9 

9.9.-;' ,9 

•8,'3( 


■■ i‘ 1 

• 1 , 1 (I 19 

9.9U n’. 


»| .•* J 0 * 4 

9 ■ 1 1 

9. J.ll }I 

9.l'.l(..7 

.‘vi 7 

• 49 

• ; 

•». (. 1 414 

9.9.»-?-'i| 




M, l.l •,.'9 

•).944-’.5 



(A/.'il 

9, » {',,'.1 

9.9.f}n 

*3.8,11 


\ •' 

9, (.1 91 

9,«M 



1.1 -M 

*». 1 

9.9.l0.'.5 


5«ji4 

9.U 1 

'i. 

9.94872 

!5:Ii9 

9., 

3 

95«-t ' 

9 . 

9.(M9i4 

JvV.i 

*j.*25.,{i 

9,5-’ \ 1 

9 , ( i't.'i 


K'm.j 


1 » t ■ 

9 . 141,4 

• j.MJII.i 



9 ', { ! ; 

li, 1 i.'Ji' 

9.01157 

.■v ‘487 

i 


•MSI : 

H.lJ.-.lO 

9.01424 

‘^),l * 


91 ;•» ‘ 

1 J,l"2 

9.01494 

•*-)-M 


9 i . « , 

» 1 i.|8 

9.(*|791 

.•--.■-•9 } 


i 

».(, 1 

9,1*194.5 

8'),5,1 ! 


• i 

9. 15.’ 1 
9. 1 ;!ti5 

9 . 959 . 1 J 

8')ll i 

•4.i*.-3i.» 

9.'97 


8'>.5« : 

9.*»AI'i2 

1 

1 i.'t,','! 

9.it.5.7lfi 

W-ZM ' 


i 

9 J f (. i 

9. 1 

9.ol.'>M 

; 

*). o*!*. » 

KiilU ■ 

9 , « {8 

9.(»5.i8/ 

J3'71 ' 

•), IJU7'. 

9 ( -9 1 

•.P, l">,•9 

O.O.i.'-.*! 

Ihrj : 

y. 1«»!337 

; 

9 . 

1 

*' I 

t 

*** 

t 
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Natural Logarithms. 



9433 

9. 

15197 

9437 

9 - 

15239 

9439 

9 - 

15261 

9461 

9 - 

15493 

9463 

9 - 

15514 

9467 

9. 

15557 

9473 

9 - 

15620 

9479 

9. 

15683 

9491 

9 - 

15810 

9497 

: 9 - 

15873 



9.16440 
9. i6Si6 
9. 16962 
9,17087 
9.17150 

9.17191 

g. 17353 
g. 17^74 
9.17399 

9.174611 

9.1758s 

9.17751 

9.17771 

9.1787s 

9.17957 


9- 
9. 

9. 

9- _ . 
9.18430 

9. 18492 
9. 18676 
9.18697 
9. 18820 
9.18881 

9. 18922 
9.15044 
9.19126 
9.19187 
9. 19309 



9967 9.20703 

9973 9.20764 

lOOOO 0.21034 
lOCOOO 11.51293 


9.19898 

9.20039 

9.20100 

9.20261 

9.20322 

9.20342 

9.20442 

9.20523 


Coefficients for Computing, 


F±„=Fo±nw [ f \± j ~ n (t " 0 • 


DIH. 


I m. I s TT-l DIH. 


0.00 + 0.0000 : 
.01 .0000 I 

.02 .0001 
.03 .0002 

.04 .0003 

0.05 +0.000.1 
.o5 .0006 

.07 .oooS 

.CW .0011 

.09 -OOI.t 

0.10 +0.0017 
.II .0020 
.12 .0024 

.13 .0028 

. 14 .0033 

0.15 +0.0038 
.16 . .0043 

.17 .0048 

.18 .0054 

.19 .0060 

0.20 +0.0067 
.21 .0074 

.22 .oo8r 
.23 .0038 

.24 .0056 

0.25 +0.0104 


, —0.0000 
.0008 
.0017 
.0023 
.0033 

—0,0042 

.0050 

.0058 

.0006 

.0075 

—0.0083 

.0091 

.0099 

.0107 

.0116 


—0.0163 

.0171 

.0179 

.0187 

.0194 



— 0.0202 

,0209 

.0217 

.0224 

.0232 


—0.0274 
.0281 
. 0287 
.0294 
.0300 

— o . 0307 
.0313 
.0319 
.0325 
►0331 


—0.0363 
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TABLE VI 


THE GEDERMANNIAN 


275 


The Gudcrniannljin. 


11 

Oil II 

~F«' 

flilu 

-F,/ 

(>.<X)<) 

0.000 00(K> 

l (MHM) 

(1 (X> (K),(MI 

if 

.0(11 

,001 (lOllO 

1 n(HK) 

0 0.1 _M.2{i 

_'o:p..x> 

.(lOJ 

. 0 :u *XKK> 

1 (XKXl 

0 o:» 52.5.1 

200. j(» 

.{)0.{ 

.(Xl.l (KHH) 

E (KKX) 

0 10 lM.70 

2(1’ >.20 


,001 (KKMI 

I (XXHl 

0 11 - 15.0 1 

..() l.2i> 


(l.OOl CK«X) 

1 (XHX> 

0 17 11.12 

2 lXi .20 

.OO'l 

.(KK'l IHlOO 

1 (MXKl 

0 -X) 17. .1)' 

20(1.20 

.007 

.(Kill 

1 OIKM) 

0 2-1 01. S| 

2(Xl.2i> 

.ooS 

.<K)7 (.'01)') 

) oOoo 

<1 2/ 10. 10 

.!<x»..:(» 

.(HK) 

.OOH 

1 iXKKl 

0 30 

2.Xl,20 

0,01(1 

0,001) (;()(aS 

W/J!> 

0 1.1 22. ()I 

.:o(».25 

.011 

.01(1 yi)(>S 

991 )'J 

0 17 .1.S.H7 

..•00.25 

.OIJ 

.01 1 <m 7 

«»<;*) 

0 .|l 15.12 

20(>.25 

.01;^ 

.012 ()()(>0 

()!)')'> 

<> 41 -n-.i? 

2<»'».25 

.01.1 

.<11,1 yyys 

9 !) 9 !> 

0 .|f{ 07.01 

2(K>.24 

O.Ol.'i 

0,0;. I ()00.| 

<;‘)')9 

0 51 11. H < 

;!o't,.!4 

,01fi 

.015 '.I'JO.I 

«)!)!> 

0 55 (HO 10 

.XlO.2.1 

,017 

,0l(i i;(,'«)2 


0 5M 20.11 

.,’0(t..!1 

.0I« 

.017 <)(2}0 

OOaS 

1 01 52.57 

20 (1.21 

.0I(} 

.oiH f.ylli) 


1 05 

20(».21 

o.o;!o 

o.oi<> 0(/<7 

(1)').M 

1 0.H 4.5.02 

.(»'». 22 

.O.M 

,020 «)i)!{i 


1 12 n.2.| 

2o(».22 

.02.! 

,021 oa'O 


1 15 .17.40 

20 »,2I 

.02.< 

.022 t)()So 

‘)<)!J 7 

1 to oi .<*7 

.•0(1. .M 

,02.1. 

.021 \m 7 

W .)7 

1 22 21). HS 

20(1.21 

0 .02.'; 

0 ,02.( !, 1 ) 7.1 

*m 7 

I 25 .sCi.oS 

20(1,20 

.02<1 

.025 W 


I 20 22 . 2 .S 

2 I2».20 

.027 

. 02 fl I)I)I >7 


I ,12 .|K ..17 

20(». 1‘) 

.02^ 

.0.17 c))!).? 

O'.xjf) 

1 ,t(> l-I.Oli 

.•0(1. 18 

.OJt) 

.o.iH !)J5«) 

vw> 

I 19 -lO.Hi 

20(». 18 

O.O.VI 

0,020 <><J 5 .S 

9905 

1 4.1 07.02 

20O. 17 

.0,11 

.0.10 DO.SO 

999 .S 

1 4 ^> . 1 . 1.19 

.;o(M7 

.0.12 

.0.11 ()().|5 


1 -19 . 59 . 3 '; 

20 !i. I(> 

.0.1,1 

.0.12 <)<).|0 

<: 0').5 

1 .53 25.. 50 

JoO.is 

.0.M 

.0.1.1 \m?> 

9991 

1 .50 51.<»5 

20! 1.15 

0 .0.1'i 

O.O.M WM) 

<m\ 

2 (X) 17.79 

.?()(i.l.| 

•o.io 

. 0.15 

99 *)! 

2 0.1 43.9.1 

20f»,13 

. 0.17 

.0.16 «j<)i6 

99 ').t 

2 07 IO.JXi 

.MKl.12 

.0.1S 

. 0.17 

9 ‘.X).t 

2 10 3 (mH 

20O.I3 

.0.10 

.o.iH ()<;oi 

•W-i 

2 l.| 02,29 

20 (i.u 

0 ,0|0 

0.0.1!) 

•mi-'- 

2 17 28.10 

20 (i. 10 

.0|1 

.0.10 (.HS5 


2 20 5 - 1. -19 

:x)(».(H) 

.0.|2 

.0,11 (>S77 

9 !) 9 > 

2 24 20 . 5 « 

20(1,08 

.0.11 

.o.|2 

9 <;*)i 

2 37 

20(1.07 

.o.|.| 

■ o.|;i {)H,5» 

yyyo 

2 31 12.72 

20(1,07 

0 ,0;1.') 

0 . 0,14 ‘A'tH 

9990 

a .14 .iB. 7 <> 

20(1.0(1 

.0.1<) 

.o .|5 (;S.lH 

</P) 

2 iK 04.8.1 

20(1.95 

. 0.17 

.olf) (),S 27 


3 41 30.88 

20(1. a| 

.0,|« 

.017 ‘>SfO 

•J 9 W 

-• 41 50.91 

20(1.01 

.o-iy 

.O.lH !)Mo.| 

99HB 

2 .|8 23.93 

20 ( 3.02 

0.050 

0.049 979 ^ 

99S8 

3 51 48.9s 

206.01 

u 

2lnn”’(o'i) ^ 

u B oil U 

2 Ian" Ke'i 1 - 00 ° 



u 

Ull 11 

mF,,' 


Ui 

11 


‘■’Fii' 

9.(1511 

O.OJO ()/*).! 

co'VI 


(M 

48 

' 1.5 

.!:i(i.()| 

.051 

.050 (1770 

9 187 


. 5,5 

‘ 1 

' 1.5 

. 1 ( 1 ( 1 . CO 

.052 

,051 


.! 

,58 

40 

<•'1 

205. CO 

. 9 . 5.1 

.952 1)752 

iaj 8 (i 

3 

(I-! 

00 


. 51 5,1;, 8 

. 9.5 1 

. 9 . 5.1 97.18 

'A >85 

.1 

9.5 

,9' 

.8'! 

~'(i5.!;() 

0.055 

0.051 9721 

(A, 85 

.1 

1.8 

'( 

,8.; 

205.05 

.0.59 

.055 o/o>8 

<181 

,1 

1 .1 

.'4 

.'•'o 

-■115.9.1 

.9.57 

,050 1.0 ).! 

'A 8| 

,1 

1.5 

. 5 ' ' 

7,1 

20 . 5.01 

.05.8 

.057 1 ) '75 

.,'l8l 

,1 

I'J 

[() 

(.1 

205.1)2 

. 05 !) 

.O.v8 ..(.;,8 

99, \1 

.1 


.[.! 

. 5 / 

205. <)l 

(i.o:>o 

0.059 (jt'io 

• A, 8.1 

.1 

2'. 

0.8 

17 

205.8.) 

,(X>I 

.OU* 17>.!2 

(,‘;8i 

.1 

29 

.11 

.19 

.:o5,.H.8 

.002 

.(I'd '^ ,(11 

'.981 

.1 

,(.1 

00 

-M 

2115, .87 

.0(1.1 

,(X.2 9.584 

'A, (Vi 

.1 

.19 

,!9 

111 

205,89 

. 0 (i.| 

.(Mil 11504 

•aa'Io 

.1 

.19 

.'>1 

91 

205.8,1 

0,0(i5 

o.o ''4 954.1 

• A)/') 

.1 

41 

17 

78 

205.81 

.Ofl'l 

,o:»5 (>521 

'A )78 

.1 

49 

l.l 

(O 

205.82 

.0(17 

.(•'Hi 

'A )78 

.1 

I'.o 

09 

41 

205,80 

, 0(41 

.017 9477 

9 »77 

.1 

5,1 

,15 

21 

205.70 

.(Xiy 

91 . 5.1 

'A )79 

.1 

!>/ 

1 K.) 

‘A) 

20.5.77 

0.070 

O. 0 (x) 9|.!9 

'A ')79 

1 

(HI 

.:9 

79 

.Jo 5 . 7 () 

.071 

.970 9 li'l 

9)75 

•1 

01 

. 5.1 

1.8 

5 t 

205.7.5 

.07.! 

.97 1 9,179 

‘,9/4 

4 

07 

25 

7 ‘) 5 . 7.1 

.973 

.97.! 93.52 

9)71 

4 

III 

4.1 

1, 8 

.J 05 . 7 -! 

.074 

.973 

O');.! 

1 

14 

O',) 

18 

.IO 5.70 

0.97.5 

9.07.1 92<)8 

«,AJ 7 .! 

4 

17 

. 1.5 

,18 

.! 05 .( 7 ) 

,97(1 

.075 o-r**) 

‘ 2)71 

4 

21 

111 

oh 

.•05.(17 

.977 

. 07 (* 92.10 

ift/o 

4 

24 

29 

72 

'•’05.95 

.078 

.077 9210 

9)70 

4 

•7 

,5 2 

,17 

.105. (i.| 

.979 

.078 9180 

1X7)9 

4 

.11 

1.8 

lAI 

.,' 05.92 

0 . 0.80 

0.079 91.18 

«a/8 

4 


4.1 

III 

205.(11 

.081 

.980 9I 19 

99 '7 

4 

.18 

O') 

21 

20.5.59 

.98.! 

.081 t;o84 

(,17x1 

4 

4 ' 

41 

;■') 

705.57 

.981 

.082 90.19 

ia/Ai 

4 

4 .'l 

<XI 

,19 

-!Oii, 5 (» 

.(a 8 i 

.08.1 '.All.; 

O './' '5 

4 

48 


•10 

20 . 5 . 5,1 

9.985 

0.081 817,8 


4 

51 

.‘‘.t 

14 

.:o 5.52 

.oH'i 

.985 89 1.! 

97m 

4 


19 

9,5 

.f 05 . 5 (> 

.0.87 

.oS't 81105 

‘a 7 i.! 

4 

;i8 

42 

1 1 

205., 10 

,<a 8 H 

.0.87 H 87 . 

‘//'I 

5 

M.! 

07 

‘J-l 

205.47 

.(k 8 *) 

.0,88 .'VI, :7 

(X/il 
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'Hpini’inl in miimlcs in terms of the Gudennanninn, 

}m 1 n exin'essiHl in degrees iiml luinutCR. 

1 minute ■ • o.ihk) ayoH HS21 radions, 

m ' - log, Urn ^ J jr-l-'Y-gd “ radians. 

1- llie nciomi ileehiuil place is s<)mclime.s erroneous by a unit. 
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CtuivcrHiou of RadianK into Angular Measure. 
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